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As  the  Nation's  principal  conservation  Agency, 
the  Department  of  the  Interior  has  responsibility 
for  most  of  our  nationally  owned  public  lands  and 
natural  resources.  This  includes  fostering  the 
wisest  use  of  our  land  and  water  resources,  pro- 
tecting our  fish  and  wildlife,  preserving  the  envi- 
ronmental and  cultural  values  of  our  national 
parks  and  historic  places,  and  providing  for  the 
enjoyment  of  life  through  outdoor  recreation.  The 
Department  assesses  our  energy  and  mineral  re- 
sources and  works  to  assure  that  their  develop- 
ment is  in  the  best  interests  of  all  our  people.  The 
Department  also  has  a  major  responsibility  for 
American  Indian  reservation  communities  and  for 
people  who  live  in  island  territories  under  US. 
administration. 


Front  cover  photo. 
Increased  emphasis  on  the  utilization  of  coal  in 
energy  production  lends  urgency  to  the  need  for 
research  on  the  ways  in  which  exploitation  of  coal 
resources  in  western  States  will  affect  wildlife. 
The  pronghorn  is  a  major  species  under  study 
because  the  most  productive  pronghorn  range  in 
North  America  overlaps  much  of  the  area  under- 
lain by  strippable  coal.  Photo  by  Bart  O'Gara. 
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The  Porcupine  Caribou  Herd  is  an  international  herd  that  calves  on  the  Arctic  coastal  plain  in  the  Arctic  National 
Wildlife  Range  and  moves  into  the  Yukon  Territory  for  most  of  the  rest  of  the  year.  There  is  concern  about  the  future 
of  the  herd  because  of  potential  petroleum  development  on  the  Range  and  because  of  winter  hunting  from  the 
Dempster  Highway  in  Canada.  The  International  Porcupine  Caribou  Committee  was  formed  to  evaluate  research 
needs  for  this  herd  and  to  disseminate  new  research  findings  for  management.  Photo  by  Dean  E.  Biggins. 
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Foreword 


A  primary  goal  of  the  U.S.  Fish  and  Wildlife  Service  is  the 
conservation  and  sound  management  of  sport  fishery  and 
wildlife  resources  for  the  benefit  of  present  and  future 
generations  of  Americans.  Attainment  of  this  goal  requires 
the  continual  collection,  analysis,  and  synthesis  of  new  in- 
formation on  which  wise  and  timely  management  decisions 
can  be  based.  The  Divisions  of  Research  address  the  prin- 
cipal informational  needs  of  the  various  management  pro- 
grams of  the  Service  and  provide  many  of  the  findings  that 
contribute  to  the  accomplishment  of  the  Service's  mission. 

This  summary  of  the  activities  of  the  Research  Divisions 
during  the  fiscal  year  1978  (October  1,  1977-September  30, 
1978)  provides  an  overview  of  the  nature  and  scope  of  re- 
search completed  and  directs  attention  to  the  results  that 
should  be  of  significance  in  the  management  of  fish  and 
wildlife. 

A  substantial  portion  of  the  research  recounted  here  con- 
cerns cooperative  studies  between  Service  scientists  and 
those  of  other  Federal  agencies,  universities,  State  agen- 
cies, and  other  countries.  We  thank  the  many  collaborators 
for  their  most  valued  assistance  in  advancing  the  Service's 
diverse  research  program. 
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Fisheries  and 
Wildlife  Research 


The  research  responsibilities  of  the  Fish  and 
Wildlife  Service  were  carried  out  by  three  Divi- 
sions: Wildlife  Research,  Fishery  Research,  and 
Habitat  Preservation  Research.  During  fiscal  year 
1978,  these  Divisions  continued  to  serve  as  the 
fact-finding  arm  of  the  Service.  Information 
about  species  of  fish  and  wildlife,  the  environ- 
ments required  for  their  existence,  and  the  effects 
of  management  practices  on  them  help  the  U.S. 
Fish  and  Wildlife  Service  and  other  government 
agencies  to  meet  their  responsibilities  for  conserv- 
ing and  managing  the  Nation's  fish  and  wildlife 
for  social,  economic,  aesthetic,  and  scientific 
benefits.  In  fulfilling  the  Service's  research  re- 
sponsibilities, the  Divisions  cooperate  with  agen- 
cies of  the  Departments  of  the  Interior,  Agricul- 
ture, Defense,  and  Health,  Education,  and  Wel- 
fare; the  Atomic  Energy  Commission;  the  Agency 
for  International  Development;  the  Environ- 
mental Protection  Agency;  and  various  State 
agencies,  institutions,  and  private  organizations. 
Completed  research  is  communicated  by  talks  and 
lectures,  processed  reports,  and  articles  in  popular 
and  technical  publications.  A  list  of  publications  is 
provided  in  this  report. 

During  the  fiscal  year,  research  was  carried  out 


at  21  major  facilities,  approximately  60  satellite 
field  stations,  and  46  Cooperative  Research  Units 
under  the  following  programs:  Animal  Damage 
Control,  Environmental  Contaminant  Evalua- 
tion, Coastal  and  Anadromous  Fish,  Endangered 
Species,  Great  Lakes  Fisheries,  Inland  Fisheries 
and  Reservoir  Management,  Land  and  Water  Re- 
sources Development,  Migratory  Birds,  Mammals 
and  Nonmigratory  Birds,  Biological  Services,  and 
Cooperative  Units.  This  alignment  of  programs 
permits  the  application  of  total  agency  resources 
to  the  attainment  of  specific  objectives  and  en- 
courages careful  priority  assessment  of  ongoing 
research  programs. 

The  planning,  coordination,  and  administration 
of  the  research  programs  continue  to  be  cen- 
tralized in  the  Office  of  the  Associate  Director  of 
Environment  and  Research  in  Washington,  D.C. 
Fiscal,  personnel,  and  property  management  and 
a  variety  of  supporting  services  are  provided  the 
research  facilities  by  the  six  Regional  Offices  of 
the  Service.  By  the  end  of  fiscal  year  1978,  the 
Divisions  of  Research  had  729  full-time  perma- 
nent employees.  The  budget  included  approxi- 
mately $31,000,000  of  appropriated  funds  and 
$3,000,000  of  other  funds. 
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Animal  Damage  Control 


DENVER  WILDLIFE  RESEARCH  CENTER 

Starling  and  Blackbird  Populations  Increase  in 
North  America.  The  North  American  Breeding 
Bird  Survey  was  used  to  estimate  population 
trends  (1966-76)  of  starlings,  red-winged  black- 
birds, brown-headed  cowbirds,  and  common 
grackles  in  the  United  States  and  Canada.  The 
analysis  indicated  an  upsurge  in  starling  and 
blackbird  populations  across  much  of  North 
America.  Combined  with  the  progressive  growth 
of  the  human  population  and  intensification  of 
agriculture,  this  upsurge  leads  us  to  anticipate 
greater  man  vs.  bird  conflicts  in  the  future. 

On  a  continental  scale,  starlings,  redwings,  and 
cowbirds  showed  significant  increases  in  popula- 
tion. Starlings,  which  showed  the  greatest  increase 
(19.4%),  made  their  highest  gains  in  the  western 
States.  Increases  in  redwing  populations  were 
highest  in  the  St.  Lawrence  Valley  and  in  parts  of 
the  Midwest  and  the  Lower  Plains.  Cowbird 
populations  increased  most  in  the  Plains  area 
from  Iowa  to  Saskatchewan,  but  decreased  in 
parts  of  the  eastern  and  midwestern  United  States. 
Grackles  showed  no  overall  change  in  population 
but  made  strong  gains  in  the  Midwest  and  the 
Lower  Plains  and  declined  in  Appalachia.  This 
knowledge  of  starling  and  blackbird  population 
trends  should  enable  us  to  devise  improved  meth- 
ods of  dealing  with  man  vs.  bird  conflicts. 

Remote  Sensing  Tested  for  Locating  Blackbird 
and  Starling  Roosts.  Multispectral  scanning  tech- 
niques were  used  to  determine  whether  a  3-million 
blackbird  and  starling  roost  in  a  mixed  conifer- 
hardwood  area  near  Chapel  Hill,  Tennessee,  could 
be  identified  from  a  flight  altitude  of  1,500  feet. 
High  effective  radiation  temperatures  (on  thermal 
imagery)  in  a  1.1 -ha  area  and  in  some  small  areas 
among  dense  stands  of  coniferous  trees  were 
caused  by  great  concentrations  of  birds.  Land-use 
imagery  had  to  be  used  to  determine  that  areas 
outside  the  roost  but  with  similar  temperatures 
were  not  roost  habitat.  The  inconclusive  findings 
of  the  test,  resulting  in  the  enforced  use  of  land- 
use  imagery,  indicate  that  remote  sensing  is  an  im- 
practical method  of  surveying  extensive  areas  for 


blackbird  and  starling  roosts. 

In  the  future  it  may  be  feasible  to  locate  winter 
roosts  quickly  by  using  remote  sensing  equipment 
installed  in  high-altitude  aircraft  or  in  satellites. 
People  experienced  in  censusing  large  numbers  of 
birds  could  then  determine  the  number  and  species 
composition  at  each  roost,  enabling  researchers  to 
obtain  a  more  reliable  estimate  of  the  winter  distri- 
bution and  populations  of  blackbirds  and  starlings 
in  the  United  States. 

Winter  Blackbird  and  Starling  Roosts  Dis- 
persed. Large  aggregations  of  wintering  black- 
birds and  starlings  gather  at  feeding  and  roosting 
areas  in  our  southeastern  States,  sometimes  caus- 
ing serious  agricultural  losses  as  well  as  creating 
health  hazards  and  nuisance  problems. 

During  the  winter  of  1977-78,  a  population  of 
700,000  blackbirds  and  starlings  roosting  in  1 1 
acres  of  cedars  at  Munfordville,  Kentucky,  was 
dispersed  during  8  evenings  of  harassment  by  five 
people  firing  noise  cartridges  projected  by  pistol 
and  shotgun.  In  Bartlett,  Tennessee,  about  98% 
of  650,000  roosting  blackbirds  and  starlings  were 
dispersed  from  20  acres  of  cedars  after  7  evenings 
of  similar  harassment  by  five  persons.  Most  dis- 
persed birds  formed  new  roosts  in  nearby  habitat 
and,  when  left  undisturbed,  most  remained  at  the 
new  locations  after  harassment  ended.  Birds 
radio-instrumented  during  these  trials  roosted  at 
other  locations  up  to  29  miles  from  their  original 
roosts.  These  trials  and  those  conducted  during 
the  preceding  winter  show  that  large  concentra- 
tions of  birds  at  winter  roosts  can  be  relocated 
with  relatively  little  manpower  and  equipment 
when  control  measures  become  necessary. 

Baiting  Starlings  at  Staging  Areas.  In  January 
1978,  Starlicide  Complete  pellets  were  used  to  bait 
1.5  acres  of  pasture  near  a  15-acre  hardwood- 
cedar  roost  containing  a  peak  population  of 
874,000  birds  (about  55%  starlings,  45%  black- 
birds), near  Madison,  Tennessee.  Birds  consumed 
327  of  the  428  pounds  of  bait  broadcasted.  Bait 
consumption  and  observations  of  feeding  be- 
havior indicated  that  88,000  birds  (estimated  num- 
ber) were  killed.  Starlings  made  up  52%  and 
blackbirds  48%  of  the  mortalities  on  transects  in 


Troublesome  blackbirds  and  starlings  were  decoyed,  prebaited,  and  then  baited  with  a  toxicant  at  a  staging  area 
adjacent  to  a  Madison,  Tennessee,  winter  roost.  Photo  by  C.  Edward  Knittle. 


Large  roosts  of  wintering  blackbirds  and  starlings  are  a  potential  health  hazard  and  nuisance  when  they  lie  in  the 
path  of  urban  expansion.  Nearly  650,000  birds  were  dispersed  from  this  Bartlett,  Tennessee,  roost  by  using  noise 
cartridges.  Photo  by  Olin  E.  Bray. 
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Ripening  wine  grapes  near  Calistoga,  California,  are  experimentally  treated  with  methiocarb  to  evaluate  its  effec- 
tiveness as  a  bird  repellent  to  alleviate  production  losses.  Photo  by  Richard  W.  DeHaven. 


Biologists  assess  bird  damage  to  wine  grapes  to  esti- 
mate economic  losses  and  to  determine  the  effective- 
ness of  protection  methods.  The  hoop  device  is  used  to 
locate  random  bunches  for  examination.  Photo  by  David 
N.  Johnson 


the  roost.  Fourteen  other  birds  found  dead,  in- 
cluding 1 1  cardinals,  were  obviously  victims  of  the 
bait. 

A  reduction  of  less  than  10°7o  of  the  starling 
roost  population  was  not  considered  successful  in 
terms  of  the  cost  and  effort  expended,  but  severe 
weather  precluded  more  extensive  baiting.  The 
hazard  to  nontarget  species  of  birds,  resulting 
from  the  method  of  bait  exposure,  the  location  of 
the  baited  area,  and  the  bait  carrier  used,  was  con- 
sidered significant.  Future  trials  will  involve  ef- 
forts to  improve  the  effectiveness  of  baiting  and  to 
reduce  hazards  to  nontarget  species. 

Control  of  Starling  Damage  at  Dairy  Feedlots  in 
Tennessee.  Bird  consumption  and  contamination 
of  feed  at  livestock  feedlots  probably  constitute 
the  single  greatest  agricultural  problem  caused  by 
the  large  winter  aggregations  of  blackbirds  and 
starlings  in  the  southeastern  United  States.  In 
February  and  March  1978,  the  distribution  and 
relative  magnitude  of  this  problem  and  the  effec- 
tiveness of  a  registered  product  in  controlling  bird 
depredations  were  investigated  in  Monroe 
County,  Tennessee,  which  has  a  purportedly  sub- 
stantial bird-feedlot  problem.  One  feed  trough  at 
each  of  34  randomly  selected  dairies,  within  a  12- 
mile  radius  of  a  roost  of  1.2  million  birds,  was  ob- 


This  scrub  jay  is  one  of  several  species  of  birds  that  damage  ripening  grapes  in  California.  Photo  by  David  N. 
Johnson. 


served  for  bird  activity  during  one  30-minute 
period.  Birds  were  active  in  22  (65%)  of  the 
troughs  during  the  observation  period.  Almost  all 
of  these  birds  were  starlings,  even  though  starlings 
constituted  only  12%  of  the  roosting  population. 
Of  the  34  troughs  observed  for  30  minutes,  the 
number  of  bird-minutes  of  activity  exceeded  150 
at  8  (24%)  and  1,800  at  3  (9%).  We  do  not  know 
how  these  activity  figures  relate  to  actual  feed  loss 
caused  by  starlings,  but  other  researchers  have  es- 
timated this  loss  to  be  0.3  to  1 .7  g  of  feed  per  bird- 
minute,  depending  on  the  circumstances  and  on 
the  type  of  ration  consumed.  In  our  study,  silage 
corn  and  protein  supplement  rations  constituted 
more  than  half  of  the  diet  of  starlings  collected  at 
two  dairies. 

In  a  companion  study,  we  evaluated  Starlicide, 
a  registered  and  selective  starling  toxicant,  for  ef- 
ficiency in  reducing  this  type  of  feedlot  damage. 
We  diluted  Starlicide  with  an  equal  amount  of 
corn-base  crumbles  and  placed  the  mixture  in 
rubber  bait  pans  on  the  roofs  of  the  feed  troughs 
at  two  dairies  in  Monroe  County.  One  dairy, 
about  3  miles  east  of  the  roost,  was  baited  in  mid- 
February;  the  second,  1 1  miles  southwest  of  the 
roost,  served  as  an  untreated  control.  The  average 
of  six  counts  of  bird  activity  in  feed  troughs  before 
and  after  5  days  of  baiting  indicated  that  starling 


activity  at  the  baited  site  was  reduced  by  97% 
(from  1,487  to  40  bird-minutes  per  30-minute  ob- 
servation). No  reductions  in  starling  activity  were 
observed  at  the  control  site;  later,  this  site  was 
baited  for  6  consecutive  days  (early  March).  Star- 
ling feed-trough  activity  at  this  site  was  reduced 
93%  from  a  six-observation  average  of  10,428 
bird-minutes  before  baiting.  Because  of  the  ex- 
treme variability  of  the  starling  feed-trough  ac- 
tivity, however,  the  observed  reduction  was  not 
statistically  significant. 

These  findings  indicate  that  Starlicide  baiting 
can  effectively  reduce  starling  damage  at  dairy 
feedlots  located  near  blackbird  and  starling 
roosts. 

Development  of  a  Blackbird  and  Starling  Roost 
Toxicant.  Tests  of  a  formulation  of  an  acetamide 
compound  called  CAT,  as  a  candidate  toxicant  for 
reducing  large  concentrations  of  birds  at  winter 
roosts,  showed  it  to  be  of  low  oral  and  dermal 
toxicity  to  mammals  but  to  possess  a  significant 
potential  for  eye  injury.  The  oral  median  lethal 
dose  (LD50)  of  the  formulation  to  rats  was  7.1 
ml/kg,  and  the  dermal  LD50  to  rabbits  was  12 
g/kg.  Application  of  the  material  to  the  eyes  of 
rabbits  produced  corneal  opacity,  some  of  which 
lasted  over  a  week.  The  eye  injury  was  caused  by  a 
solvent  used  in  the  formulation;  in  other  tests. 


technical  grade  CAT  produced  no  eye  irritation. 

The  potential  danger  to  hawks  from  eating 
blackbirds  treated  with  roost  applications  of  CAT 
was  investigated  in  tests  with  captive  hawks.  Five 
each  of  red-tailed  and  sharp-shinned  hawks  were 
maintained  for  7  days  on  a  diet  of  blackbirds 
killed  by  CAT  sprayed  at  the  proposed  field  rate. 
Control  hawks,  two  red-tailed  and  three  sharp- 
shinned,  were  fed  asphyxiated  untreated  black- 
birds. After  a  14-day  observation  period  the 
hawks  were  sacrificed  and  necropsied.  Two  sharp- 
shinned  hawks,  one  treatment  and  one  control, 
died  of  ectoparasite  infestation  during  the  test,  but 
no  other  deaths  occurred.  Gross  necropsies  re- 
vealed no  lesions  attributable  to  the  treatment, 
and  histopathological  examinations  of  hawk  tis- 
sues were  also  negative. 

Initial  field  tests  of  the  CAT  formulation  at 
blackbird  and  starling  winter  roosts  will  be  con- 
ducted under  an  Experimental  Use  Permit  granted 
by  the  Environmental  Protection  Agency. 

Red-winged  Blackbird  Migration  Studies  in 
Colorado-Montana  Region.  Nearly  44,000  red- 
winged  blackbirds  have  been  banded  in  Colorado, 
Wyoming,  and  Montana  since  1960  to  determine 
the  migratory  behavior  and  breeding  areas  of 
birds  involved  in  regional  crop  depredations. 
About  half  this  number  were  also  color-marked. 
Band  recoveries,  retrapping  records,  and  sightings 
of  color-marked  birds  show  that  redwings  nesting 
in  the  South  Platte  Valley,  Colorado,  are  normally 
nonmigratory,  whereas  those  that  winter  in  Colo- 
rado include  populations  that  nest  in  Wyoming, 
Nebraska,  Montana,  Alberta,  and  Saskatchewan. 
Redwings  that  winter  farther  south,  in  the  Ar- 
kansas Valley  of  Colorado,  appear  to  originate  in 
more  northerly  parts  of  the  breeding  range  than 
those  wintering  in  the  South  Platte  Valley.  These 
findings  are  useful  in  the  formulation  of  sound 
management  plans  for  these  populations. 

Horned  I. ark  Feeding  Patterns.  In  California, 
horned  larks  frequently  damage  seeds  and  seed- 
lings of  lettuce,  sugar  beets,  and  other  crops. 
Methiocarb,  a  bird  repellent,  was  tested  for  al- 
leviation of  this  problem,  with  encouraging  re- 
sults. Apparently,  however,  protection  was  often 
limited,  because  several  types  of  damage  occurred 
over  relatively  long  periods. 


Bird  damage  totally  destroyed  this  bunch  of  Pinot  Noir 
wine  grapes  near  Geyserville,  California.  Birds,  primarily 
house  finches,  destroyed  12%  of  the  vineyard's  crop. 
Photo  by  David  N.  Johnson. 


Feeding  studies  were  conducted  to  gather  infor- 
mation that  might  be  useful  in  devising  the  opti- 
mum treatment  form  of  methiocarb.  Food  items 
from  the  stomachs  and  esophagi  of  122  horned 
larks  collected  during  1975  were  estimated  by 
volume.  Grit  (45%),  24  genera  of  farmland  weed 
seeds  (28%),  3  genera  of  cultivated  grains  (17%), 
2  orders  of  insects  (6%),  and  vegetative  parts  of 
plants  (4%)  all  occurred  in  proportions  similar  to 
those  found  in  two  earlier  California  studies.  The 
relatively  low  volume  of  plant  parts,  even  though 
most  birds  were  collected  from  fields  exhibiting 
heavy  sprout  damage,  prompted  digestion-rate 
tests  with  captive  birds.  It  was  found  that  sugar 
beet  and  lettuce  sprouts  were  digested  in  less  than 
20  minutes,  whereas  hard  seeds  were  identifiable 
after  18  hours.  Obviously,  sprouts  were  far  more 
important  than  the  percentage  volume  indicated, 
and,  to  avoid  bias,  future  estimates  of  the  larks' 
diet  will  require  conversion  factors  based  on  diges- 
tion rates  for  the  kinds  of  foods  consumed.  Prob- 
ably the  most  useful  finding  was  the  homogeneity 
of  the  weed  seeds  selected  for  food.  Most  were 
small  (<3  mm),  hard,  rounded,  and  dark.  Seeds, 
pellets,  or  grit  of  this  description  may  be  useful  as 
bait  for  delivering  methiocarb  to  horned  larks. 

Birds  Damage  California  Wine  Grapes.  In  1977, 
weekly  flush  counts  of  birds  known  or  suspected 
of  feeding  on  wine  grapes  were  made  at  24  Cali- 
fornia vineyards — 12  in  the  San  Joaquin  Valley 
and  12  in  the  North  Coast  area.  Twenty-two 
species  of  birds  were  observed  during  138  perim- 
eter censuses  made  at  the  times  the  vineyards  were 
susceptible  to  damage.  House  finches  and  robins 
were  the  most  frequently  encountered  species  in 
the  two  areas.  Starlings  ranked  third  in  abundance 
in  the  valley  area,  and  California  quail  were  third 
in  the  coast  area.  These  four  species  made  up  68% 
of  the  total  number  of  birds  recorded  and  are  as- 
sumed to  have  caused  most  of  the  damage  to  the 
grapes. 

When  bird  densities  and  damage  levels  for  vine- 
yards in  each  area  were  compared  by  regression 
analyses,  the  relationships  were  significant  but  ac- 
counted for  less  than  37%  of  the  observed  varia- 
tion (r2).  These  weak  correlations  may  have  been 
due  to  census  techniques  that  did  not  account  for 
differences  in  species  preference  for  areas  within 
vineyards  (edge  versus  middle)  and  in  flushing 
rates,  variations  in  daily  activity  patterns,  and  site- 
specific  use  of  grapes  (associated  with  the  food 
supply  in  nearby  habitat).  Our  censuses  obviously 
provided  only  general  estimates  of  the  densities  of 


grape  depredators.  Because  the  measured  densities 
are  not  good  indicators  of  damage  levels,  the  cen- 
sus results  probably  cannot  be  used  alone  to  mea- 
sure the  effectiveness  of  a  bird  repellent  treatment. 
Efficacy  evaluations  must  be  based  primarily  on 
damage  assessments. 

Movement  and  Feeding  Patterns  of  Blackbirds 
Frightened  from  Sunflower  Fields.  Blackbirds 
roosting  each  August  to  October  in  the  marsh  at 
Fuller's  Lake,  Steele  County,  North  Dakota,  dam- 
age ripening  sunflower  fields  within  a  seven-town- 
ship area  of  Steele,  Traill,  and  Cass  counties.  In 
1977,  Avitrol  FC  Corn  Chops-99,  a  frightening 
agent,  was  applied  whenever  needed  to  31  of  the 
most  heavily  damaged  fields  in  this  area.  To  moni- 
tor flock  movement  and  feeding  patterns,  we 
tracked  15  radio-equipped  adult  male  red-winged 
blackbirds  during  August  10-September  15.  Dur- 
ing 643  hours  of  monitoring,  blackbird  flocks  con- 
taining instrumented  birds  spent  53%  of  their 
feeding  time  in  sunflower  fields  vulnerable  to 
damage — 30%  in  unbaited  fields  and  23%  in 
baited  fields.  The  15  instrumented  birds  fed  in  48 
sunflower  fields  within  18  miles  of  the  roost,  but 
95%  of  166  visits  were  restricted  to  fields  within  9 
miles. 

The  study  did  not  support  the  claim  of  many 
growers  that  birds  displaced  from  ripening  sun- 
flower fields  merely  move  to  other  vulnerable 
fields.  In  21  (62%)  of  34  instances  they  moved  to 
stubble  fields  and  other  types  of  feeding  sites.  In 
recent  years,  however,  local  sunflower  fields  have 
tripled  in  size,  and  narrower  rows  and  heavy 
fertilization  have  produced  denser  canopies, 
which  obscure  the  baits  and  bait-affected  birds. 
As  a  result,  blackbirds  use  the  denser-canopied 
fields  more  intensively  for  loafing,  and  fewer  suit- 
able alternative  feeding  sites  are  available.  These 
changes  make  it  more  difficult  to  frighten  bird 
from  ripening  sunflower  fields. 

Blackbirds  and  Crows  Damage  Sprouting  Corn 
in  Kentucky.  To  determine  the  amount  and  exten 
of  blackbird  and  crow  damage  to  sprouting  fiel  . 
corn  in  Kentucky,  investigators  surveyed  270  corr  - 
fields   in   36   randomly  selected   counties   in   th . 
spring  of  1978.  After  sprouting  began,  five  5i 
yard  sections  of  corn  row  in  each  cornfield  were 
sampled  every  other  day  (939,000  observations  on 
219,000  sprouts)  until  the  corn  was  no  longer  su , 
ceptible  to  bird  damage.  An  average  of  0.15%  of 
the  sprouts  were  destroyed.  No  bird  damage  oc- 
curred in  73%  of  the  fields,  and  the  greatest  dan1 
age  sustained  by  any  one  field  was  5.8%.  Dama^.- 


Large  flocks  of  red-winged  blackbirds  feeding  on  ripening  sunflowers  near  Hope.  North  Dakota.  These  depredations 
are  of  serious  concern  to  growers.  Photo  by  Olin  E.  Bray. 


by  insects  (0.21  %)  and  by  weather  (0.17%)  ex- 
ceeded bird  damage.  Miscellaneous  damage 
amounted  to  0.05%. 

Although  the  survey  indicates  that  bird  dam- 
age to  sprouting  corn  is  usually  negligible,  it  can 
be  relatively  severe  in  some  fields.  Most  damage 
occurs  along  field  edges  near  trees  or  brush  when 
corn  sprouts  are  less  than  4  inches  high.  Sprouts 
may  be  vulnerable  to  damage  for  3  weeks  after 
germination,  depending  on  growing  conditions. 
Grackles  and  crows,  the  main  depredators  in  the 
Southeast,  dig  up  newly  germinated  corn  by 
chiseling  dirt  from  around  the  sprouts  with  their 
beaks  until  the  developing  corn  embryos  are  un- 
covered. In  shallow  plantings,  birds  also  tug  at 
sprouts  to  reach  the  corn  seed.  Only  a  few  of  the 
254  farmers  contacted  felt  it  necessary  to  control 
losses  to  birds  and  only  3  used  Mesurol,  a  bird  re- 
pellent registered  for  treatment  of  corn  seed. 

Survey  of  Bird  Damage  to  Ripening  Field  Corn 
in  Kentucky  and  Tennessee.  To  determine  the  ex- 
tent of  blackbird  and  mammal  damage  to  ripening 
field  corn,  we  surveyed  268  0.5-ha  plots  in  23 
counties  of  Kentucky  and  170  plots  in  13  counties 
of  Tennessee  in  the  fall  of  1977.  Plots  were  ran- 
domly chosen  in  a  manner  to  ensure  that  counties 
with  high  corn  acreages  were  likely  to  be  surveyed. 


In  Kentucky,  blackbird  damage  to  ripening  corn 
averaged  0.48%,  or  about  609,000  bushels  worth 
Si. 2  million  out  of  a  total  crop  valued  at  S253.8 
million.  Damage  in  Tennessee  averaged  0.39%,  or 
about  185,000  bushels  worth  $380,000  out  of  a 
total  crop  valued  at  nearly  $97.3  million. 

Although  relatively  minor,  bird  damage  has  in- 
creased in  both  States  since  earlier  surveys.  In 
Kentucky,  mean  bushel-per-acre  loss  was  esti- 
mated at  0.3  in  1970,  0.1  in  1971,  and  0.4  in  1977. 
The  percentages  of  corn  ears  opened  by  birds  were 
2.5  (1970),  1.9  (1971),  and  5.0  (1977).  In  Tennes- 
see, the  mean  bushel-per-acre  loss  to  birds 
amounted  to  0.1  in  1970  and  0.2  in  1977.  Birds 
opened  1.6%  of  corn  ears  in  1970  and  8.1%  in 
1977.  Damage  by  mammals  (mainly  raccoons)  was 
also  negligible,  averaging  0.17%  in  both  States 
and  representing  losses  of  about  S430.OOO  for  Ken- 
tucky and  $165,000  for  Tennessee. 

Although  the  overall  damage  by  birds  and 
mammals  to  ripening  corn  in  Kentucky  and  Ten- 
nessee during  1977  was  estimated  to  be  1,114,000 
bushels  valued  at  nearly  $2.2  million,  the  loss  per 
acre  is  too  low  to  justify  the  use  of  most  damage 
control  techniques.  However,  damage  in  a  few 
sample  plots  was  sufficiently  high  to  warrant  the 
use  of  Avitrol  FC  Corn  Chops-99,  a  frightening 
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Blackbird  damage  to  maturing  field  corn  can  be  locally 
severe.  These  birds  characteristically  peck  the  center  of 
dough-stage  kernels,  leaving  a  shredded  cornhusk. 
Photo  by  Jon  F.  Heisterberg. 


agent  registered  for  this  purpose. 

Increased  Growth  of  Undamaged  Kernels  May 
Partly  Compensate  for  Bird  Damage  to  Maturing 
Field  Corn.  The  response  of  maturing  field  corn  to 
simulated  bird  damage  was  measured  in  Ohio  in 
1975  and  1977.  In  both  years  the  loss  in  grain  pro- 
duction caused  by  bird  damage  to  maturing  corn 
kernels  was  related  to  the  number  of  kernels  dam- 
aged, the  maturity  of  ears  at  time  of  damage,  and 
the  amount  of  associated  secondary  damage  (e.g., 
mold).  These  studies  suggested  that,  in  the  absence 
of  secondary  damage,  increased  growth  of  un- 
damaged kernels  may  partly  compensate  for  bird 
depredations  and  that  the  degree  of  compensation 
depends  on  the  maturity  of  the  ears  sustaining  the 
damage.  Most  kernels  destroyed  by  birds  have  not 
fully  matured  and  therefore  do  not  contain  all 
their  potential  biomass.  Thus,  a  portion  of  the 
potential  biomass  may  be  channeled  into  the  re- 


Bird  damage  to  sprouting  corn,  such  as  uprooting  of 
sprouts  by  grackles,  reduces  crop  stands  and  produc- 
tion. Photo  by  Jon  F.  Heisterberg. 


maining  undamaged  kernels.  These  findings  indi- 
cate that  conventional  techniques  for  surveying 
damage  may  overestimate  actual  losses. 

Effectiveness  of  Alternate  Treatment  Forms  of 
4-Aminopyridine  for  Reducing  Blackbird  Damage 
to  Field  Corn.  The  dissatisfaction  of  farmers  with 
the  commercial  4-aminopyridine  (4-AP)  cracked 
corn  bait  (Avitrol  FC  Corn  Chops-99)  as  a 
frightening  agent  for  reducing  blackbird  damage 
to  maturing  field  corn  prompted  Service  biologists 
to  compare  the  registered  treatment  with  three  al- 
ternate 4-AP  treatment  forms  in  three  northern 
Ohio  counties  in  1976.  They  studied  the  effects  of 
modified  dilution  rates  and  bait  distribution 
within  cornfields  on  the  performance  of  4-AP  and 
on  prospective  hazards  to  nontarget  birds. 

The  experiment  indicated  that  in  spite  of  rapid 
bait  disappearance,  caused  by  cricket  feeding,  a 
3%  dilution  of  4-AP  baits  was  significantly  more 
effective  in  reducing  damage  than  the  1%  dilution 
(the  registered  form).  More  than  3  times  as  many 
blackbirds  were  found  dead  in  fields  receiving  the 
3%  treatment  as  in  fields  given  the  1%  treatment, 
indicating  an  increase  in  the  number  of  reacting 
birds.  Mortality  of  nontarget  birds  was  negligible. 
Although  costlier,  the  3%  dilution  of  baits  pro- 
vided a  more  effective  treatment  form  of  4-AP; 
the  net  benefit  would  depend  on  the  potential 
damage  by  birds.  Changes  in  method  of  applica- 
tion and  perhaps  in  dilution  rate  are  advisable  to 


make  4-AP  treatment  forms  an  effective,  flexible, 
and  economical  management  tool  for  reducing 
blackbird  damage  to  maturing  field  corn. 

Corn  Hybrid  Resistance  to  Bird  Damage.  Not 
all  ears  of  corn  in  a  field  planted  to  one  hybrid 
variety  are  equally  damaged  by  birds.  Similarly, 
experimental  plantings  of  many  hybrids  in  one 
field  show  marked  differences  among  varieties  in 
the  amount  of  damage  sustained.  Physical  charac- 
teristics of  ears  (length,  height,  angle,  thickness  of 
husk,  extent  of  tip  coverage  by  the  husk)  and  char- 
acteristics of  plant  development  (relative  rates  of 
tasseling  and  silking,  number  of  leaves,  yield)  have 
been  statistically  analyzed  to  identify  factors  cor- 
relating with  decreased  bird  damage.  When  the 
maturity  of  corn  is  controlled,  the  average  length 
of  the  husk  beyond  the  tip  of  the  ear  is  the  best 
predictor  of  susceptibility  and  resistance  to  bird 
attack.  Comparing  varieties  with  respect  to  this 
simple  measurement  would  help  farmers  select  the 
most  suitable  hybrids  for  planting  in  areas  likely 
to  receive  bird  damage. 

Commercial  Bird  Toxicant  Reformulated.  Star- 
licide  Complete  is  a  pelleted,  slow-acting  starling 
toxicant  registered  for  control  of  starlings  at  feed- 
lots.  Although  the  chemical  and  original  pellet 
formulation  were  developed  by  the  Fish  and  Wild- 
life Service,  the  manufacturer  made  major 
changes  in  the  size  and  base  formula  for  the  pellets 
in  1976.  The  original  pellets,  composed  of  a  mixed 
grain-alfalfa  mash,  were  extruded  through  a  die 
0.16  inch  (0.4  cm)  in  diameter  and  weighed  about 
70  mg  each.  The  reformulated  pellets  were  com- 
posed primarily  of  cornmeal  extruded  through  a 
0.19-inch  (0.5-cm)  die  and  weighed  about  160  mg 
each.  Service  specialists  were  concerned  that  the 
reformulated  pellets  would  be  more  hazardous  to 
nontarget  granivorous  bird  species  and  less  accept- 
able to  starlings,  resulting  in  decreased  effective- 
ness. Field  and  laboratory  tests  conducted  be- 
tween 1976  and  early  1978  substantiated  these  con- 
cerns. The  efficacy  and  hazard  data  persuaded  the 
manufacturer  to  revert  to  a  formulation  similar  to 
the  original  one,  beginning  with  the  September 
1978  production  runs. 

Registrations  for  Bird  Damage  Control  Chemi- 
cals. One  of  the  most  important  tasks  of  the  Ani- 
mal Damage  Control  Program  is  to  bring  into 
practical  use  the  materials  and  techniques  de- 
veloped by  research  to  reduce  wildlife-caused 
damage  while  protecting  the  resource  and  the  envi- 
ronment. One  of  many  methods  of  alleviating 
damage  caused  by  birds  involves  the  prudent  use 


of  chemicals  to  reduce  immediate  problems  and 
allow  time  for  development  of  acceptable  bio- 
logical or  cultural  alternatives.  Although  the  regis- 
tration process  required  by  the  Environmental 
Protection  Agency  for  approval  of  the  use  of 
chemicals  is  painfully  slow  and  costly,  the  fruits  of 
many  years'  labor  are  being  realized  by  the  Service 
and  by  cooperators  in  private  industry.  During  the 
last  10  years  the  Service  has  been  instrumental  in 
obtaining  or  in  helping  other  registrants  to  obtain 
the  following  registrations  for  bird  damage 
control: 

DRC-I339  (Starlicide)  is  a  commercially 
available,  selective  toxicant  for  reducing  star- 
ling problems  at  feedlots  and  for  controlling 
gulls  that  are  displacing  breeding  colonies  of 
other  seabirds  in  the  northeastern  United  States. 
Use  of  Starlicide  to  control  gulls  is  restricted  to 
governmental  agencies  trained  in  bird  control. 

PA-14  is  a  biodegradable  detergent  registered 
for  use  only  by  governmental  agencies  to  reduce 
concentrations  of  roosting  blackbirds  and  star- 
lings when  the  roosts  constitute  an  imminent 
hazard  to  human  health  or  cause  serious  eco- 
nomic and  nuisance  problems. 

Methiocarb  (Mesurol)  is  a  carbamate  insecti- 
cide with  excellent  bird  repellent  properties.  It  is 
now  commercially  available  as  two  registered 
products  to  help  growers  protect  ripening 
cherries  and  seeded  corn  from  bird 
depredations. 

4-Aminopyridine  (Avitrol)  is  a  commercially 
available  chemical  frightening  agent  that  is  use- 
ful in  reducing  bird  damage  to  agricultural 
crops.  Present  registrations  cooperatively  de- 
veloped by  the  Service  and  the  producers  are 
used  to  protect  ripening  sweet  and  field  corn 
and  sunflowers. 

Service  Participates  in  Developing  Test  Meth- 
ods. As  part  of  the  Service's  responsibility  for 
conserving  and  managing  the  country's  fauna  and 
flora,  researchers  have  been  instrumental  in  the 
development  of  methods  designed  to  test  the  effi- 
cacy and  safety  of  pesticidal  chemicals  with  regard 
to  wildlife  species.  Because  of  the  Service's  exten- 
sive activities  in  environmental  conservation  and 
in  animal  damage  control,  it  is  in  the  unique  posi- 
tion of  having  extensive  experience  and  expertise 
in  both.  The  Service  has  cooperated  with  the  Envi- 
ronmental Protection  Agency,  the  American 
Society  of  Testing  and  Materials,  the  American 
Institute  of  Biological  Sciences,  numerous  univer- 
sities, and  many  other  interested  groups  in  de- 
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veloping  test  methods  that  can  be  used  for  pesti- 
cide evaluation.  The  methods  developed  incor- 
porate the  best  state-of-the-art  procedures,  along 
with  a  realistic  view  of  the  need  for,  and  applica- 
tion of,  each  method.  Continued  participation  of 
Service  employees  should  further  enhance  this  im- 
portant research  and  should  improve  the  science 
of  developing  methods  that  are  reliable  in  predict- 
ing hazards  and  efficacy. 

Successful  Vampire  Bat  Control  Project  Com- 
pleted in  1978.  In  1968  the  Agency  for  Interna- 
tional Development  (AID)  provided  the  Denver 
Wildlife  Research  Center  (DWRC)  with  funds  for 
the  development  of  techniques  for  controlling 
vampire  bats,  which  are  vectors  of  paralytic 
rabies.  At  that  time  it  was  estimated  that  1  million 
cattle  died  annually  in  Latin  America  from  vam- 
pire bat-transmitted  rabies. 

In  the  first  5  years  of  the  project,  biologists  at 
the  Center  working  with  biologists  in  Mexico  City 
developed  two  species-specific  control  methods: 

Topically  treating  vampire  bats  with  diphena- 
dione. — Vampire  bats  are  captured  with  mist  nets 
that  are  set  around  corralled  cattle  or  at  cave 
entrances.  About  1.5  cc  of  a  vaseline-di- 
phenadione  mixture  is  placed  on  the  dorsal  surface 
of  each  captured  bat  and  the  bat  is  released.  The 
bats  return  to  their  roost,  and  because  they  live  in 
compact  colonies,  they  pass  the  chemical  from  one 
to  another  through  physical  contact.  The  bats  die 
after  ingesting  the  chemical  during  grooming. 

Syslemically  treating  cattle  with  diphena- 
dione. — Cattle  are  given  intraruminal  injections 
of  1.0  mg  of  diphenadione  per  kilogram  of  body 
weight.  The  drug  is  absorbed  and  circulates  in  the 
blood.  Vampire  bats  that  feed  on  a  properly 
treated  animal  within  72  hours  after  treatment  re- 
ceive lethal  doses  of  the  drug. 

Since  1974,  the  main  objective  of  the  project  has 
been  to  help  Latin  American  countries  develop 
and  initiate  control  campaigns  by  providing  them 
with  training  and  technical  support.  Training 
seminars  were  held  in  seven  countries,  and  per- 
sonnel from  the  Center  have  worked  in  every 
Latin  American  country  suffering  from  vampire 
bat  predation.  As  a  result  of  these  efforts,  13  na- 
tions now  have  their  own  self-funded  vampire  bat 
control  programs. 

The  intent  of  this  joint  project  was  to  help  Latin 
nationals  develop  expertise  in  vampire  bat  control 
and  then  \o  encourage  other  countries  to  seek  as- 
sistance from  Latin  American  experts  rather  than 
from    AID.    Nicaraguan    veterinarians    have    as- 


Sustained  baiting  experiments  with  coconuts  showed 
that  a  producer  would  receive  $28  for  every  dollar  spent 
on  control.  Denver  Wildlife  Research  Center  photo 


sumed  this  leadership  role  and  have  assisted  Costa 
Rica,  Honduras,  Guatemala,  and  Paraguay  in  de- 
veloping vampire  bat  control  programs. 

The  direct  involvement  of  the  Center  and  AID 
in  this  project  ended  in  1978  with  the  solution  of 
the  problem — a  classic  success  story  in  man's  ef- 
fort to  control  wildlife  damage  without  endanger- 
ing wild  populations. 

Crown  Bailing  wth  Anticoagulant  Rodenticides 
Protects  Coconut  Plots  from  Rat  Damage  for  3 
Years.  Rat  damage  to  growing  coconuts  has  been 
a  significant  problem  in  most  areas  where  coco- 
nuts are  grown.  The  problem  is  particularly  acute 
in  the  Philippines,  the  world's  leading  supplier  of 
copra.  Banding  trees  and  ground  baiting  with 
rodenticides  are  techniques  often  used  for  rodent 
control  in  plantations,  but  this  type  of  control  is 
costly. 

Recently  a  3-year  study  of  crown  baiting  of 
coconut  trees  was  completed  in  the  Philippines. 
The  objectives  of  the  study  were  to  determine 
whether  a  sustained  baiting  program  was  effective 
in  lowering  the  rodent  population  and  whether 
this  type  of  control  was  economically  feasible  for 
small  producers. 

For  treatment,  plastic  packets  containing 
0.025%  warfarin  with  polished  rice  were  placed  in 
the  palm  fronds  monthly.  Records  were  kept  on 
amounts  of  bait  used,  rat  activity,  numbers  of 
fallen  nuts,  coconut  production,  copra  value,  and 
costs  of  rat  control. 

About  36,800  nuts  were  harvested  in  1977  from 
the  trees  used  in  the  study,  an  average  of  8.36  nuts 
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per  tree  per  month.  This  harvest  represents  a  pro- 
duction averaging  2.8  times  greater  than  that  be- 
fore treatment.  On  the  basis  of  the  current  market 
value  of  copra  ($0.30/kg)  and  the  increased  pro- 
duction, we  estimate  that  for  every  dollar  invested 
in  this  control  method,  the  producer  would  receive 
$28. 

Zinc  Phosphide  Controls  Feral  Rabbits.  In 
1970,  10  domestic  rabbits  were  illegally  released 
on  Destruction  Island,  a  36-acre  brushy,  flat- 
topped,  steep-sloped  island  off  the  Washington 
coast  in  the  Washington  Islands  National  Wildlife 
Refuge  system.  Ideal  environmental  conditions, 
including  a  lack  of  predators,  resulted  in  such  a 
rapid  increase  in  rabbits  that  by  1974  they  were 
causing  noticeable  destruction  to  vegetation,  in- 
creased erosion  problems,  and  disturbances  of  a 
major  summer  breeding  population  of  burrow- 
nesting  seabirds.  Despite  attempts  to  manage  the 
rabbits  by  shooting  them  each  year  since  1974,  the 
number  of  breeders  steadily  increased  from  about 
50  in  1974  to  about  150  in  1978.  The  1978  summer 
population  was  forecast  as  10  or  more  rabbits  per 
acre,  a  density  that  could  have  a  serious  impact  on 
habitat  and  wildlife.  Population  control  appeared 
necessary;  however,  introducing  predators  was 
biologically  unsound  because  of  the  burrow-nest- 
ing seabirds,  shooting  by  itself  was  ineffective, 
and  trapping  and  gassing  did  not  seem  feasible  be- 
cause of  dense  brush  and  rugged  terrain. 

Tests  showed  that  the  feral  rabbits  readily  ac- 
cepted fresh-cut  apples  and  carrots  and  that  apples 
and  carrots  treated  with  zinc  phosphide  were  ef- 
fective with  caged  domestic  rabbits.  Data  on  wild- 
life use  of  Destruction  Island  and  information  de- 
rived from  research  on  jack  rabbits  and  nutria 
favored  the  use  of  fresh  bait  with  zinc  phosphide. 
Other  data  indicated  that  baiting  would  be  most 
successful  between  January  and  early  March,  at 
the  onset  of  the  breeding  season  when  the  rabbit 
population  is  relatively  low  and  food  is  in  short 
supply. 

During  March  1978  apple  and  carrot  baits 
treated  with  0.75°7o  zinc  phosphide  were  dis- 
tributed on  the  island.  Application  involved  pre- 
baiting  with  untreated  apples  and  carrots  placed  in 
a  line  on  Hat  areas  and  in  selected  spots  on  steep 
areas  of  the  island,  followed  on  the  3rd  night  by 
line-  and  spot-baiting  with  treated  apples  and 
carrots.  All  bait  was  collected  and  buried  on  the 
5th  day. 

Pre-  and  post-treatment  counts  of  rabbits  and 
constant  monitoring  of  wildlife  indicated  that  the 


control  program  resulted  in  a  97°7o  reduction  of 
rabbits  and  had  no  observable  effects  on  nontar- 
get  animals. 

Thirty-eight  recovered  rabbits  were  examined  to 
obtain  breeding  data.  All  females  were  pregnant 
or  had  just  had  young  (or  aborted),  indicating 
100%  breeding  efficiency;  litter  size  was  6.6  live 
embryos  per  female.  Embryo  aging  data  and  the 
one  young  rabbit  found  indicated  that  January  10 
was  the  onset  of  breeding  and  that  some  newborn 
rabbits  could  survive  without  parents. 

Basically,  the  baiting  program  was  safe  and  suc- 
cessful. The  rabbits  are  now  so  reduced  in  number 
that  shooting  may  control  the  population  suffi- 
ciently to  prevent  serious  damage  to  other  wildlife 
and  to  wildlife  habitat. 

Deer  Readily  Accept  Herbicide-treated  Forage. 
Selective  feeding  by  black-tailed  deer  of  foliage 
treated  with  herbicides  at  rates  normally  used  in 
forest  management  was  studied  in  enclosures  at 
Olympia,  Washington.  Two  common  food  plants, 
Douglas-fir  and  salal,  were  sprayed  with  herbi- 
cides formulated  in  water,  diesel  oil,  and  mixtures 
of  both.  The  herbicides  tested  were  Esteron  245 
(2,4,5-T),  Esteron  99  Concentrate  (2,4-D),  Atra- 
zine,  Dalapon,  Krenite,  and  Roundup. 

Deer  readily  accepted  herbicide-treated  foliage 
and  liked  certain  herbicide  formulations  better  at 
higher  application  rates  than  at  lower  ones.  A 
finding  of  special  interest  was  that  deer  showed  no 
preference  between  untreated  Douglas-fir  seed- 
lings and  those  treated  with  2,4,5-T  at  1,2,  3,  4, 
and  5  pounds  per  acre  formulated  in  water.  Diesel 
formulations  on  Douglas-fir  and  salal  were  not  re- 
jected, even  though  alternate  food  was  a\  ailable. 

Deer  showed  no  apparent  ill  effects  from  ingest- 
ing herbicide-treated  foliage. 

Forest-animal  Damage  to  Timber  Resources  in 
the  Northwest — $60  Million  Annual  Liability.  De- 
fining damage  by  wildlife  has  long  been  an  inte- 
gral part  of  the  Center's  research  program  on  for- 
est-animal damage  control  in  the  western  United 
States.  Some  of  the  undertakings  have  been  fairly 
simple — describing  injuries  by  various  animals  to 
conifers  or  determining  through  mail  question- 
naires that  damage  by  pocket  gophers  affects  ovei 
120,000  ha  of  forest  land  in  the  Pacific  North- 
west. Conversely,  quantitatixc  surveys  have  taken 
considerable  time,  effort,  and  money  but  are  now 
paying  substantial  dividends. 

For  example,  a  cooperative  study  was  under- 
taken with  Oregon  State  Universin  to  assess  the 
economics  of  damage  by  wildlife  in  forest  planta- 
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tions  in  Oregon  and  Washington.  Measurements 
of  tree  growth,  survival,  and  damage,  recorded 
for  up  to  20  years  on  plantations  throughout  these 
two  States,  were  provided  for  the  study.  From  this 
data  base,  a  sequential  model  was  developed  for 
appraising  animal  damage  and  assessing  timber 
losses.  Using  current  planting  rates,  costs,  prices, 
and  a  3%  discount  rate,  we  used  the  model  to 
show  that  animals  cause  about  $60  million  worth 
of  damage  to  Oregon  and  Washington  forests 
each  year,  representing  a  net  capitalized  reduction 
in  timber  resources  of  SI  .8  billion. 

A  publication  is  being  prepared  that  shows  how 
to  use  the  model  and  how  to  determine  whether 
damage  control  is  economically  justified  in  young 
stands  of  timber  in  the  Pacific  Northwest. 

Mountain  Beaver  Damage  275,000  Acres  of 
Forest  Fands  in  the  Pacific  Northwest.  Feeding  by 
mountain  beavers  on  conifer  seedlings,  saplings, 
and  pole  timber  is  one  of  the  three  most  serious 
forest-wildlife  problems  in  the  Pacific  Northwest. 
Such  feeding  can  result  in  growth  suppression,  de- 
formity, or  mortality  of  trees  and  can  occur  any- 
time during  the  first  25  (or  more)  years  after  re- 
forestation. 

The  magnitude  of  mountain  beaver  damage  to 
conifers  was  determined  under  the  auspices  of  the 
Northwest  Forest-animal  Damage  Committee. 
According  to  a  1978  questionnaire  survey  of  tim- 
ber owners  in  the  Northwest,  beaver  damage  was 
occurring  in  275,000  acres  of  forest  lands,  mostly 
in  Washington  and  Oregon  west  of  the  Cascade 
Mountains.  Damage  was  most  prevalent  in  Doug- 
las-fir stands  (206,340  acres)  and  in  western  hem- 
lock and  mixed  conifer  stands  (55,500  acres).  New 
plantations  received  most  damage,  followed  by 
sapling  stands.  The  survey  indicated  that  the 
major  concern  of  forest  managers  was  the  lack  of 
reliable  methods  of  detection  and  control  of 
damage. 

New  L'se  Proposed  for  Zinc  Phosphide  in 
Hawaii.  Uncultivated  land  adjacent  to  sugarcane 
fields  and  macadamia  nut  orchards  in  Hawaii 
harbors  rat  populations.  These  rats  damage  cane 
and  nuts  at  the  field  interface  and  invade  maturing 
cane  fields,  then  reinvade  them  after  in-field  rat 
control  treatments.  Studies  designed  to  extend  the 
use  of  zinc  phosphide,  registered  for  rat  control  in 
sugarcane,  to  include  treatment  of  noncrop  areas 
adjacent  to  cane  fields  and  nut  orchards  were 
completed  this  year. 

A  single  aerial  broadcast  application  of  bait- 
treated    zinc    phosphide    reduced    wasteland    rat 


Black  rats  are  the  primary  target  species  of  rodent  con- 
trol programs  in  Hawaiian  macadamia  nut  orchards. 
Photo  by  John  K.  Crier. 


populations  by  about  80%  on  a  high-rainfalf  sugar 
plantation.  No  hazards  to  terrestrial  fauna  were 
observed.  However,  inadvertent  contamination  of 
a  stream  in  the  study  area  killed  many  aquatic 
Crustacea.  Attempts  to  establish  untreated  aquatic 
buffer  zones  for  bait  application  by  fixed-wing 
aircraft  or  helicopter  were  only  partly  successful. 
Results  indicated  that  a  buffer  zone  at  least  150 
feet  wide  was  usually  needed  for  both  types  of  air- 
craft when  wastelands  in  high-rainfall  areas  with 
permanent  streams  were  treated. 

The  technique  may  therefore  be  most  useful  on 
macadamia  orchards  and  low-rainfall  plantations 
without  flowing  water.  Efficacy  evaluations  for 
dry  wastelands  suggest  that  rat  populations  are  re- 
duced about  80%  in  areas  adjacent  to  macadamia 
orchards  and  88%  in  areas  adjacent  to  sugarcane 
plantations.  Treatment  in  dry  areas  posed  no 
hazards  to  nontarget  species  in  either  crop. 

Data  warrant  a  24-C  registration  for  zinc  phos- 
phide baiting  on  wastelands  adjacent  to  both 
crops.  If  the  bait  is  kept  out  of  streams,  the  treat- 
ment should  provide  cost-effective  rat  control 
with  little  hazard. 

Oat  Baits  Keadil>  Accepted  b>  Rats  in 
Hawaiian  Macadamia  Nut  Orchards.  Three  bait- 
ing techniques  (broadcast  bait,  m-tree  bait,  and 
burrow  bait)  and  a  tracking  grease  system  were 
evaluated  for  resident  black  rats  in  a  macadamia 
nut  orchard  near  Hilo,  Hawaii.  Declomycin  was 
added  to  nontoxic  oat  groat  bait  and  tracking 
grease  to  label  the  rats  consuming  the  bait  or 
grease.  Each  treatment  was  applied  to  three  ran- 
domly chosen  5-acre  plots  in  the  diehard.  Rats 
were  later  trapped  in  trees  in  and  adjacent  to  the 
plots  and  were  examined  for  Declomycin  labels. 
Treatment  was  applied  at  the  end  of  the  harvest 
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Dense  vegetation  in  wastelands  adjacent  to  Hawaiian  sugarcane  provides  excellent  rat  uarborage.  Photo  by  Larry  F. 
Pank. 


season,  when  the  nut  supply  was  low. 

Bait  in  trees,  broadcast  bait,  burrow  bait,  and 
tracking  grease  labeled  97,  80,  76,  and  70°?o,  re- 
spectively, of  the  rats  captured  within  the  plots; 
differences  among  treatments  were  not  signifi- 
cant. Few  of  the  rats  trapped  two  to  four  rows 
outside  the  plots  were  labeled  by  any  treatment, 
and  no  treatment  differences  in  areas  of  effective- 
ness were  evident.  Efficacy  of  all  treatments  ap- 
peared to  be  independent  of  size  and  sex  of  rats. 

Results  indicated  that  (1)  nontoxic  oats  are 
readily  accepted  by  orchard  rats  when  preferred 
nuts  are  scarce,  (2)  bait  placed  in  burrows  or  on 
the  ground  is  as  acceptable  to  rats  as  bait  placed  in 
trees,  and  (3)  tubes  containing  grease  and  a  toxi- 
cant offer  a  viable  alternative  to  baits  for  control 


of  orchard  rats. 

Noncrop  Habitat  Manipulation  Reduces  Losses 
to  Adjoining  Sugarcane.  Areas  adjoining 
Hawaiian  sugarcane  fields  are  generally  heavily 
vegetated  gulches  supporting  large  rat  populations 
that  damage  cane  along  the  field  edges.  The 
gulches  also  serve  as  reservoirs  for  establishment 
of  in-field  rat  populations  and  for  repopulation  of 
fields  between  applications  of  rodenticides.  This 
study  was  initiated  to  determine  the  feasibility  of 
controlling  sugarcane  damage  by  the  manipula- 
tion of  noncrop  habitat. 

Each  of  three  areas  containing  gulches  and 
sugarcane  fields  received  four  treatments:  (1) 
herbicide  treatment  in  the  gulch  only,  (2)  herbicide 
treatment  in  the  gulch  and  zinc  phosphide  treat- 
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merit  in  the  field,  (3)  zinc  phosphide  treatment  in 
the  field  only,  and  (4)  no  treatment.  Zinc  phos- 
phide bait  was  applied  by  aircraft  at  a  rate  of  5 
pounds  per  acre  four  times  during  the  26-month 
crop  cycle,  when  the  sugarcane  was  between  10 
and  19  months  old.  Herbicide  was  applied  by  heli- 
copter as  often  as  required  to  control  the  gulch 
vegetation,  starting  when  the  sugarcane  was  3 
months  old.  Gulch  vegetation  and  rat  population 
levels  were  monitored  throughout  the  crop  cycle, 
and  rat  damage  to  adjoining  sugarcane  was  as- 
sessed at  harvest. 

Herbicide  treatment  gradually  reduced  the 
mean  height  of  gulch  vegetation  from  225  cm  pre- 
treatment  to  17  cm  at  sugarcane  harvest  (26 
months  later).  Trapping  and  tracking-board  data 
indicated  that  the  herbicide  treatment  had  little  ef- 
fect until  late  in  the  crop  cycle,  when  about  50% 
fewer  rats  were  recorded  in  the  area  treated  with 
herbicide  than  in  areas  not  treated.  Differences  in 
damage  levels  at  harvest  were  not  significant 
among  treatments;  however,  damage  was  33-43% 
lower  in  fields  adjoining  the  herbicide-treated 
gulches  than  in  fields  adjoining  the  untreated 
gulches.  The  zinc  phosphide  treatment  alone  re- 
duced damage  by  only  18  to  26%.  Unexpected 
delays  in  harvesting  caused  a  7-month  lag  between 
the  final  bait  application  and  harvest  and  thus  re- 
duced the  efficacy  of  the  zinc  phosphide  treat- 
ment. 

The  herbicide  treatment  was  neither  economi- 
cally feasible  nor  environmentally  desirable.  How- 
ever, the  results  of  our  study  suggested  that  the 
manipulation  of  noncrop  habitat  can  reduce  reser- 
voir rat  populations.  Other  methods  of  habitat 
manipulation,  such  as  forestation  or  grazing  in 
idle  noncrop  areas,  may  result  in  dual  economic 
benefits  to  the  local  sugar  plantations. 

Florida  Sugarcane  Rodents  Show  Poor  Ac- 
ceptance of  2%  Zinc  Phosphide  Baits.  The  LD50 
values  of  zinc  phosphide  were  determined  by  oral 
gavage  for  three  species  of  rodents  that  damage 
sugarcane  in  Florida.  The  LD50  values  and  confi- 
dence intervals  obtained  were:  33  (26-42)  mg/kg 
for  cotton  rats,  39  (32-46)  mg/kg  for  roof  rats, 
and  42  (21-80)  mg/kg  for  Florida  water  rats.  Ac- 
ceptance of  1 .88%  technical  zinc  phosphide  on  oat 
groats  was  laboratory  tested  on  cotton  and  roof 
rats.  Prebaiting  with  untreated  oat  groats  ap- 
peared to  enhance  consumption  by,  and  mortality 
of,  roof  rats  but  not  cotton  rats.  Accurate  con- 
sumption data  could  not  be  obtained  because  the 
quantities  of  toxic  bait  ingested  were  small  and  be- 


A  biologist  tags  a  rat-damaged  stalk  in  a  Florida  sugar- 
cane field.  Damage  was  assessed  monthly  in  two  fields 
over  two  crop  cycles  and  reached  a  high  of  53%  of  the 
stalks  sampled  in  one  field.  Photo  by  N.  R.  Holler. 


cause  errors  were  introduced  by  bait  spillage.  Con- 
sumption estimates  indicated  that  a  mean  of  about 
two  LD50  values  was  ingested  on  the  day  of  greatest 
consumption  by  cotton  and  roof  rats  during  a  4- 
day  test  period.  Mortality  of  cotton  rats  was 
greater  than  that  of  roof  rats:  18  of  27  cotton  rats 
(67%)  and  3  of  14  roof  rats  (21%)  were  killed. 

Time  and  Distribution  of  Rodent  Damage  to 
Florida  Sugarcane.  Cotton,  roof,  and  Florida 
water  rats  cause  substantial  losses  to  Florida 
sugarcane.  Damage  to  sugarcane  in  one  plantation 
was  conservatively  estimated  at  $95  per  acre. 
Knowledge  of  when  rodent  damage  occurs  during 
the  sugarcane  crop  cycle  is  essential  for  develop- 
ment of  control  methods. 

Cumulative  rodent  damage  was  assessed 
monthly  in  two  Florida  sugarcane  fields  for  two 
crop  cycles.  Damage  first  became  appreciable  in 
August.  Treatment  before  that  date  (as  currently 
practiced)  may  not  be  necessary.  A  significant  in- 
crease in  the  rate  of  damage  after  August  was  fol- 
lowed by  a  decrease  in  damage  as  harvest  ap- 
proached. There  was  a  strong  correlation  between 
total  number  of  stalks  damaged  and  total  number 
of  internodes  damaged  (r  =  0.852-0.991).  Rats 
tended  to  return  to  freshly  damaged  stalks  but 
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made  no  selection  between  stalks  with  old  damage 
and  undamaged  stalks.  Stratified  sampling  indi- 
cated that  damage  may  not  be  uniform  through- 
out the  field  and  that  in-field  treatment  would 
probably  be  required  to  achieve  adequate  control. 

Aerial  Photogrammetry  Provides  a  Method  for 
Defining  the  Dynamics  of  Black-tailed  Prairie 
Dog  Colonies.  Remote  sensing  by  aerial  photo- 
grammetry  is  being  evaluated  as  a  means  for  plot- 
ting the  distribution  and  size  of  black-tailed 
prairie  dog  colonies  in  South  Dakota.  Each  year 
for  the  past  5  years,  flights  have  been  made  in  late 
September  at  an  altitude  of  7,920  feet  above 
ground  level  (scale  =  1:15,840).  Kodak  2402  Plus 
X  film  is  exposed  and  processed  to  provide  high- 
contrast  black  and  white  9-  by  9-inch  contact 
prints. 

A  mirror  stereoscope  equipped  with  a  1.8x  ob- 
jective lens  is  used  to  scan  each  stereo  pair  of 
photographs  for  the  presence  of  prairie  dog  colo- 
nies. The  colonies  are  visible  as  groupings  of  white 
dots  representing  soil  mounds.  The  colonies  are 
verified  with  a  3. Ox  objective  lens  and  outlined 
with  a  fine-tipped  pen.  The  outline  of  each  colony 
is  then  transferred  from  the  black  and  white  print 
to  1 :24,000  scale  topographic  maps  (U.S.  Geologi- 
cal Survey)  by  using  a  variable  scale  reflecting  pro- 
jector, which  projects  the  print  image  onto  the 
topographic  map  at  the  map  scale.  The  acreage 
occupied  by  an  individual  prairie  dog  colony  is 
then  measured  from  the  outline  on  the  topo- 
graphic map  with  a  disc  planimeter  calibrated  to 
measure  in  units  of  0.1  acre. 

Preliminary  ground  truth  surveys  indicate  that 
colonies  can  be  accurately  located  throughout  the 
study  area  and  that  their  acreage  can  be  defined  to 
within  about  3%  accuracy.  The  total  cost  is  less 
than  $0.04  per  acre,  including  the  flight,  the  two 
sets  of  contact  prints,  and  the  time  and  manpower 
required. 

Black-tailed  Jack  Rabbits  Feed  Extensively  on 
Cultivated  Crops.  The  farming  areas  in  southern 
Idaho  have  a  long  history  of  crop  damage  by 
black-tailed  ja^k  rabbits.  To  determine  how 
heavily  jack  rabbits  rely  on  farm  crops  for  spring 
and  summer  food,  we  compared  the  diets  and 
population  densities  of  rangeland  jack  rabbits 
with  those  of  jack  rabbits  on  cultivated  areas, 
.lack  rabbits  concentrated  near  cultivated  areas 
where  crops  were  adjacent  to  rangeland.  .lack 
rabbit  densities  were  significantly  higher  near  cul- 
tivated crops  than  on  the  isolated  rangeland. 

Where   barley   and   crested   wheatgrass   plants 


were  available  to  jack  rabbits,  they  were  preferred 
foods  and  made  up  a  large  part  of  the  spring  and 
summer  diet.  Potato  plants  were  not  a  highly  pre- 
ferred food.  Therefore,  on  cultivated  areas  adja- 
cent to  rangeland,  crop  damage  by  jack  rabbits 
could  probably  be  reduced  by  planting  potatoes  in 
a  buffer  strip  between  the  rangeland  and  the  pre- 
ferred grain  crops.  Plant  phenology  was  a  major 
factor  in  determining  food  preferences  of  jack 
rabbits  collected  on  rangeland.  In  the  spring,  85% 
of  the  rangeland  diet  consisted  of  grass.  In  early 
summer,  grasses  and  forbs  were  eaten  in  equal 
amounts;  and  by  fall,  forbs  and  shrubs  made  up 
71%  of  the  diet. 

A  1974  Coyote  Harvest  Estimate  for  17  Western 
States.  To  help  clarify  the  coyote  damage  and  con- 
trol controversy,  we  obtained  coyote  harvest  esti- 
mates from  representatives  of  Federal,  State,  and 
County  predator  control  programs  in  each  of  the 
17  western  States.  Additional  fur  and  hunter  har- 
vest data  from  over  half  of  the  17  States  were  also 
made  available  to  us.  These  two  sets  of  data 
yielded  a  total  estimated  kill  of  over  295,400 
coyotes  for  1974.  Considering  that  data  from 
several  States  were  incomplete,  this  number  ap- 
pears to  be  low,  although  it  is  close  to  a  1946  esti- 
mate of  294,000.  Mortality  studies  indicate  that 
88%  of  coyote  mortality  is  man-induced,  pri- 
marily by  shooting.  Much  of  this  mortality  is  not 
recorded  in  hunter  and  fur  harvest  reports.  The 
unreported  kill  is  believed  to  equal  or  exceed  the 
295,400  recorded  estimate.  There  is  little  evidence 
that  man-caused  mortality  results  in  reduced 
coyote  populations.  The  figures  of  the  cooperative 
Federal-State  Animal  Damage  Control  (ADC), 
which  were  the  most  reliable,  showed  a  1974  ADC 
kill  of  71,572  coyotes,  or  about  24%  of  the  total. 
Fur  and  hunter  harvests  accounted  for  most  of  the 
remainder.  Bounties  (in  a  few  counties  in  seven 
States)  and  local  predator  control  programs  con- 
tributed smaller  numbers.  When  within-State 
variations  were  high,  usually  the  most  conserva- 
tive estimates  were  used.  It  was  estimated  that 
48,509  coyotes  were  taken  in  California,  44,632  in 
Nebraska,  35,862  in  Kansas,  25,492  in  Idaho,  and 
21,478  in  Texas.  With  little  information  available, 
Arizona  accounted  for  only  997  coyotes,  North 
Dakota  took  about  3,900,  and  South  Dakota 
about  6,800.  Four  of  the  five  States  reporting  the 
highest  kills  were  among  the  top  six  western  States 
that  reported  the  highest  coyote  populations  in  the 
annual  predator  abundance  survey. 

Coyote    Density-Food    Base    Studies.    Coyote 
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feeding  patterns  in  Jackson  Hole,  Wyoming,  dur- 
ing 1974-76  were  similar  to  those  found  in  com- 
parable studies  in  the  1940's.  Field  voles,  ground 
squirrels,  and  pocket  gophers  made  up  the  bulk  of 
the  summer  diet;  over  85a/o  of  the  winter  diet  con- 
sisted of  carrion  from  dead  ungulates,  mainly  elk. 
It  is  evident  that  the  summer  distribution  and 
abundance  of  coyotes  reflect  the  previous  winter's 
distribution  and  abundance  of  elk.  The  number  of 
elk  dying  throughout  the  winter  appeared  more 
important  to  the  coyote  diet  than  remains  of  elk 
killed  by  hunters  in  the  late  fall.  There  was  little 
indication  that  abundance  of  summer  prey  influ- 
enced coyote  abundance. 

Predator  Control  in  Relation  to  Livestock 
Losses  in  Central  Texas.  Records  of  the  Federal- 
State  predator  control  program  for  1971  (before 
the  poison  ban)  and  1973-75  (after  the  ban)  were 
analyzed  from  21  Texas  counties,  representing  a 
cross  section  of  operations  in  and  adjacent  to  this 
country's  most  intensive  sheep-  and  goat-raising 
area.  A  special  data  collection  in  1975  showed  that 
cooperative  control  measures  protected  only  40% 
(438,649)  of  the  sheep  and  goats  in  the  21  counties 
on  only  15.5%  (3,441  square  miles)  of  the  total 
land  area.  Therefore,  control  tools  were  used  on  a 
far  smaller  land  area  than  environmental  groups 
had  feared,  although  nonparticipating  ranchers 
probably  used  some  control  methods  too. 

Losses  of  sheep  and  goats  to  coyotes  and  bob- 
cats increased  47%  from  1971  to  1974,  then  de- 
creased in  1975  to  12%  lower  than  in  1971.  This 
erratic  nature  of  livestock  predation  can  be  only 
partly  explained  by  the  38%  decrease  in  sheep  and 
goat  numbers  between  1971  and  1976.  Control 
costs  averaged  $0.46  for  each  sheep  or  goat  pro- 
tected; the  average  annual  loss  to  ranchers  was 
0.27%,  with  intensive  predator  control.  The 
records  indicated  that  large  concentrations  of  live- 
stock could  usually  be  well  protected,  but  predator 
control  became  difficult  when  sparse  livestock 
populations  were  raised  in  uneven,  brushy  terrain. 
Despite  this  difficulty,  an  overall  control  cost- 
benefit  ratio  of  1 :4.5  was  calculated  for  1975. 

Losses  reflected  the  availability  of  lambs  from 
October  to  May  when  the  weather  in  central 
Texas,  unlike  that  in  most  of  the  West,  is  usually 
mild  and  allows  an  early  lamb  crop.  The  coyote 
kill  may  have  reflected  the  intensive  control 
during  winter,  when  36%  of  the  4-year  total 
was  taken.  Only  13%  o\'  the  coyotes  were  taken 
during  the  summer,  when  an  abundance  of  wild 
food  makes  coyotes  less  susceptible  to  controls. 


The  data  showed  an  inverse  relationship  between 
losses  and  weather:  when  precipitation  was 
highest,  losses  to  predators  were  low;  during  dry 
periods,  losses  to  predators  were  high.  This  pat- 
tern suggests  that  abundant  vegetation  induces 
high  populations  of  rodents  and  rabbits,  which 
lessen  predator  pressure  on  livestock.  Conversely, 
dry  periods  may  support  lower  prey  populations, 
thereby  causing  predators  to  turn  to  livestock  in 
order  to  survive.  Inasmuch  as  no  specific  data 
from  the  study  area  were  available  to  substantiate 
this  hypothesis,  an  overall  intensive  study  is 
needed  to  unravel  the  complex  environmental  in- 
terrelationships between  predators  and  livestock. 

Predator  Response  to  Odor  Attraetants.  Steel 
traps  and  M-44  devices  are  widely  used  by  the  Ser- 
vices' Animal  Damage  Control  (ADC)  Program  to 
control  coyotes  in  livestock  production  areas.  A 
wide  variety  of  lures  and  baits  are  used  to  draw 
coyotes  to  these  devices.  However,  few  of  these  at- 
traetants have  been  systematically  evaluated  for 
effectiveness,  species  selectivity,  and  applicability 
to  various  damage  control  techniques.  Field  tests 
during  fiscal  year  1978  resulted  in  evaluation  of  58 
different  odor  attraetants,  exposure  of  47,255 
scent  capsules  yielding  8,091  coyote  visits,  and 
documentation  of  9,474  behavioral  responses.  A 
modified  scent-station  technique  was  used  to  col- 
lect these  data.  Scented  capsules  were  placed  in  the 
center  of  a  series  of  3-foot-diameter  circles  of 
sifted  or  raked  soil  located  at  0.3-mile  intervals 
along  ranch  roads.  Scent  stations  were  checked 
daily  to  record  animal  tracks,  and  rates  of  preda- 
tor visitation  to  the  different  attraetants  were 
compared. 

Geography,  season,  climate,  changes  in  the 
odor  properties  of  lures,  and  individual  behavior 
are  among  the  many  factors  that  can  cause  varia- 
tions in  predator  responses  to  odor  attraetants.  In 
addition  to  determining  the  lures  and  baits  most 
attractive  to  coyotes,  the  modified  scent-station 
technique  provided  information  on  coyote  be- 
havioral responses  to  odors  and  on  the  attraetants 
themselves.  Daily  coyote  visitation  rates  indicated 
that  the  potency  of  lures  did  not  diminish  over  a  5- 
day  exposure  period.  Although  the  daily  rates 
varied,  coyotes  paid  as  many  visits  to  scent  sta- 
tions at  the  end  of  a  20-day  period  of  exposure  as 
at  the  beginning.  Small  changes  in  scent  concen- 
trations affected  predators'  responses  to  them. 
Most  types  of  coyote  behavior  at  stations  were  ap- 
parently elicited  by  the  odors  and  not  by  the  sta 
tions  themselves  (control  stations  in   most  tests 
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The  toxic  collar  (above)  designed  to  eliminate  sheep-attacking  coyotes  was  field-tested  in  Texas,  Idaho,  and  Mon- 
tana in  1978.  The  rubber  collars  contained  30  cc  (about  1  ounce)  of  1080  solution.  When  coyotes  attack  the  collared 
lambs,  they  usually  bite  through  the  collar  and  receive  a  lethal  dose  of  the  toxicant.  This  collared  lamb  (top  right) 
was  killed  by  coyotes  in  a  Montana  field  test  of  the  toxic  collar.  The  attacking  coyote(s)  bit  through  the  collar  and 
apparently  received  a  lethal  dose  of  the  toxicant,  since  predation  on  this  ranch  ceased  soon  after  the  attack.  This 
coyote  (bottom  right)  was  found  0.4  mile  from  the  site  of  the  attack  2  days  after  it  attacked  a  lamb  fitted  with  a  collar 
that  contained  1080  solution.  Note  that  the  animal  had  previously  lost  one  front  foot,  presumably  in  a  trap.  Such 
peg-leg  coyotes  have  a  bad  reputation  for  preying  on  livestock.  Photos  by  Guy  E.  Connolly. 


elicited  few  responses).  The  best  lures  were  usually 
similar  in  rank  in  tests  carried  out  in  four  different 
States.  Geographical  variations  apparently  re- 
sulted from  interactions  between  odor  properties 
and  weather  conditions.  Some  lures  were  most  at- 
tractive at  certain  optimum  temperatures.  The  ad- 
visability of  testing  lures  before  operational  use 
was  suggested  by  the  results  of  these  studies.  A 
few  of  the  test  lures  provided  by  ADC  Program 
personnel  ranked  low  when  compared  with  other 
readily  available  attractants. 

There  was  some  evidence  that  specific  age 
groups  within  predator  populations  are  selectively 
attracted  by  certain  lures.  In  one  test,  coyote  pups 
were  drawn  to  one  lure,  adults  to  another.  Aver- 
age monthly  visitation  to  a  base  or  "standard"  at- 
tractant  and  to  control  capsules  indicated  pro- 
nounced seasonal  variation.  Some  of  the  highest 
visitation  rates  occurred  in  the  January-February 
mating  season,  even  though  coyote  populations 


are  lowest  at  this  time.  Another  peak  occurred 
during  June  and  July,  when  adults  are  trying  to 
find  sufficient  food  for  their  growing  pups. 

Some  behavioral  responses  to  the  lures  occurred 
more  often  during  certain  periods  than  during 
others.  An  apparent  odor  preference  was  detected 
in  relation  to  sex  in  one  experiment  conducted  in 
March.  Adult  female  coyotes  preferred  a  synthetic 
fetid  food  lure;  males  preferred  a  musky  lure. 
These  observations,  as  well  as  further  analysis  of 
our  data,  should  prove  useful  to  specialists  in 
predator  damage  control  and  to  research  per- 
sonnel. 

Toxic  Collar  for  Selective  Control  of  Sheep-kill- 
ing Coyotes.  The  toxic  collar  is  the  most  selective 
method  known  for  the  control  of  coyotes  that  kill 
sheep.  Coyotes  that  attack  collared  sheep  usually 
bite  the  collars  and  receive  a  lethal  dose  of  the 
toxicant. 

In  1977  the  U.S.  Fish  and  Wildlife  Service  re- 
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ceived  an  Environmental  Protection  Agency 
(EPA)  Experimental  Use  Permit  to  test  the  toxic 
collar  with  compound  1080.  About  20  field  tests 
were  completed  in  1978  in  Texas,  Idaho,  and 
Montana.  The  first  test  in  1978  revealed  design 
flaws  in  the  collars,  so  changes  were  needed  before 
field  work  could  proceed.  The  redesigned  collars 
became  available  in  July  1978. 

Although  summary  statistics  on  the  1978  field 
tests  are  not  yet  available,  it  is  clear  that  the  collar 
can  take  problem  coyotes  that  have  eluded  all 
other  means  of  control.  In  Idaho  and  Montana, 
where  the  collar  was  tested  as  the  sole  means  of 
control,  the  trials  often  lasted  for  weeks  or  even 
months  as  collar  after  collar  was  punctured  by 
seemingly  inexhaustible  numbers  of  sheep-killing 
coyotes. 

It  is  usually  not  possible  to  find  the  carcasses  of 
coyotes  taken  with  the  toxic  collar,  because  the 
animals  may  travel  considerable  distances  before 
they  die.  However,  two  poisoned  coyotes  were  re- 
covered in  1978.  One  was  found  some  2.5  miles, 
across  rugged  terrain,  from  a  collar  attack  site  in 
west  Texas.  The  other,  a  female  that  had  pre- 
viously lost  one  front  foot  in  a  trap,  was  0.4  mile 
away  from  the  attack  site  on  a  Montana  ranch. 
The  teeth  of  both  coyotes  were  stained  pink  by  the 
dye  (rhodamine  B)  from  the  collar  solution. 

We  believe  that  the  toxic  collar  can  best  be  used 
to  supplement,  not  replace,  other  means  of  dam- 
age prevention.  If  an  effective,  safe  toxicant  can 
be  found,  the  collar  may  eventually  be  used  to 
greater  advantage  by  ranchers  than  by  government 
trappers.  After  completion  of  the  1978  field  tests, 
an  application  for  EPA  registration  of  the  toxic 
collar  for  use  in  predator  control  will  be  con- 
sidered. 

Conditioning  Coyotes  to  Avoid  Sheep.  Since 
about  1974  the  use  of  illness-inducing  chemicals, 
such  as  lithium  chloride  (LiCl),  in  sheep  meat  baits 
has  sometimes  been  promoted  as  a  means  of  re- 
ducing coyote  predation  on  sheep.  In  theory,  the 
coyotes  would  eat  a  simulated  prey  bait  containing 
the  aversive  drug  and  thereafter  would  avoid  simi- 
lar baits.  Moreover,  the  dislike  of  the  bait  is  said 
to  transfer  to  live  prey,  inhibiting  future  attacks 
on  that  prey. 

Although  this  approach  is  an  attractive  concept, 
the  evidence  of  its  effectiveness  is  controversial 
and,  in  the  judgment  of  biologists  at  the  Denver 
Wildlife  Research  Center,  unconvincing.  In  the 
hope  that  the  aversive  conditioning  principle  can 
be  developed  for  field  use,  however,  the  Center  is 


studying  it  at  both  the  Denver  and  Logan  predator 
research  stations. 

Tests  with  LiCl  at  various  doses  produced  the 
most  effective  bait  avoidance  at  a  level  of  1  g  LiCl 
per  bait — far  less  than  the  6-g  dose  recommended 
by  some  other  workers.  But  later  efforts  to  trans- 
fer bait  avoidance  to  live  prey  were  unsuccessful. 
Coyotes  conditioned  to  avoid  jack  rabbit  baits 
were  each  presented  with  another  bait,  a  live  jack 
rabbit,  and  a  live  chicken  simultaneously.  Even 
though  these  coyotes  had  never  before  killed 
rabbits,  chickens,  or  other  large  prey,  they  readily 
killed  both  jack  rabbits  and  chickens,  their  killing 
behavior  seemingly  unaffected  by  previous  treat- 
ment with  LiCl  baits. 

We  hope  to  repeat  these  tests  with  microen- 
capsulated LiCl.  The  microencapsulation  is  ex- 
pected to  mask  the  taste  of  the  chemical  and  delay 
the  onset  of  illness,  thus  increasing  the  amount  of 
chemical  absorbed  by  the  coyote.  The  resulting  ill- 
ness should  then  be  more  severe  and  should  induce 
a  correspondingly  stronger  aversion  than  has  de- 
veloped in  the  animals  tested  thus  far. 

Initial  Field  Test  of  Electric  Fencing  to  Protect 
Sheep  Shows  Promise.  A  field  test  to  evaluate 
electric  fencing  for  protecting  pastured  sheep  from 
coyote  predation  was  completed  in  1977.  After 
pen  tests  at  the  Denver  Wildlife  Research  Center, 
two  ranches  in  south-central  North  Dakota  with  a 
history  of  chronic  coyote  depredations  were  se- 
lected as  test  sites.  Two  3-  to  5-acre  enclosures 
were  constructed  a  few  hundred  yards  apart  at 
each  test  site.  One  enclosure  consisted  of  a  barbed 
wire  fence  adequate  to  retain  lambs  but  not  to  ex- 
clude coyotes.  The  second  enclosure  was  built  of 
tightly  stretched  12.5-gauge  high-tensile  smooth 
electric  fencing  wire.  Six  strands  of  wire  were 
spaced  5  inches  apart  (total  height,  30  inches)  and 
alternate  wires  were  grounded  and  charged.  The 
fence  was  electrified  with  a  12-volt  battery- 
operated  New  Zealand  "energizer."  The  materials 
and  method  of  construction  were  those  used  by 
New  Zealand  and  Australian  sheep  producers. 

Ten  lambs  were  placed  in  each  of  the  two 
barbed  wire  enclosures  and  were  checked  every 
other  day  to  determine  if  coyote  kills  had  oc- 
curred. Coyote-killed  lambs  were  replaced,  as  nec- 
essary, to  maintain  a  total  of  10  live  lambs  per  en- 
closure. At  the  first  ranch,  17  kills  occurred  in  the 
barbed  wire  enclosure  within  a  2'  i  week  period. 
The  10  live  lambs  were  then  moved  into  the  nearby 
electric  fence  enclosure,  and  the  fence  was 
charged.    Because    nine    lambs    were    killed    by 
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coyotes  within  a  19-day  period,  a  charged  "out- 
rigger" or  trip  wire  10  inches  high  and  20  inches 
outside  the  test  fence  was  erected  to  prevent 
coyotes  from  jumping  over  the  electric  fence. 
Three  days  later  coyotes  again  entered  the  en- 
closure and  killed  four  additional  lambs.  The  trip 
wire  was  then  removed  and  six  additional  wires, 
spaced  at  6-inch  intervals,  were  added  to  the  initial 
30-inch-high  fence,  resulting  in  a  12-wire  en- 
closure 66  inches  high.  No  further  coyote  preda- 
tion  occurred  from  the  time  this  configuration  was 
erected  until  completion  of  the  study  60  days  later. 

Seventeen  coyote  kills  were  recorded  on  the  sec- 
ond ranch  within  a  6-week  period.  Lambs  were 
then  moved  into  the  adjacent  electric  fence  en- 
closure. Electric  fence  configuration  was  identical 
with  that  found  effective  on  the  first  study  site, 
i.e.,  a  12-strand  fence  66  inches  high  with  alternat- 
ing grounded  and  live  wires.  This  enclosure  effec- 
tively excluded  coyotes;  no  further  kills  occurred 
during  a  60-day  observation  period. 

The  electric  fence  described  above  appears  to  be 
a  viable  method  for  excluding  coyotes  from  sheep 
pastures  where  depredations  are  chronic  and 
severe.  Under  study  is  an  alternate  and  less  costly 
procedure  that  involves  the  addition  of  electric 
wires  to  existing  woven-wire  sheep  fences.  The 
number  and  spacing  of  electric  wires  are  currently 
being  tested  in  Kansas.  Also  being  evaluated  is  the 
use  of  "Flexinet,"  an  electrified  wire  netting  of 
lightweight  polythene-stainless  steel  that  is  port- 
able and  quickly  erected,  to  prevent  coyotes  from 
attacking  sheep  on  the  bed-grounds  at  night.  It 
can  also  be  used  to  confine  sheep  being  grazed  in 
wheat  or  stubble  fields. 

These  tests  will  help  define  the  potential  of  elec- 
tric fencing  and  provide  sheep  producers  with 
guidelines  and  recommendations  for  its  use. 

Newly  Developed  Gas  Cartridge  Effectively 
Fumigates  Coyote  Dens.  For  over  30  years  the  Ser- 
vice's Pocatello  Supply  Depot  has  manufactured  a 
gas  cartridge  that  has  been  used  to  fumigate 
rodent  and  predator  dens  in  agricultural  areas 
where  these  animals  are  an  economic  problem. 
However,  its  current  registration  is  only  for 
rodents.  Despite  its  long  history  of  use,  we  know 
little  about  its  efficacy  for  coyotes  under  labora- 
tory and  field  conditions.  As  early  as  1945,  the 
Service  recognized  the  need  for  a  more  effective 
cartridge  and  contracted  with  the  Chemical  War- 
fare Service  (CWS)  at  the  Army  Chemical  Center 
in  Maryland  to  develop  a  better  one.  Studies  con- 
ducted by  the  CWS  were  primarily  chemical,  and 


A  5.5-foot  electric  fence  field-tested  in  North  Dakota  was 
effective  in  preventing  coyotes  from  killing  sheep.  Photo 
by  Samuel  B.  Linhart. 


the  production  of  carbon  monoxide  from  various 
types  of  pyrotechnic  fumigants  was  compared. 
The  CWS  found  that  a  cartridge  composed  of  only 
two  ingredients,  sodium  nitrate  and  charcoal,  pro- 
duced more  carbon  monoxide  than  did  the  eight- 
ingredient  Service  cartridge.  These  data  indicated 
that  the  two-ingredient  cartridge  would  be  effec- 
tive, but  CWS  supplied  no  animal  data  to  support 
this  finding. 

Laboratory  tests  with  coyotes  at  the  Denver 
Wildlife  Research  Center  showed  that  the  two-in- 
gredient cartridge  was  as  effective  as  the  Pocatello 
cartridge  or  a  commercial  cartridge  known  as 
"The  Giant  Destroyer,"  which  contains  at  least 
four  ingredients.  When  equal  amounts  of  each 
cartridge  were  tested,  the  time  to  death  of  the 
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coyotes  was  similar.  In  this  respect,  none  of  the 
three  gas  cartridges  was  superior  to  the  others. 
However,  as  judged  by  animal  reaction  to  the 
gasses  produced  by  each  cartridge,  the  CWS  cart- 
ridge produced  the  least  stress  and  the  least 
irritation. 

Pressurized  carbon  monoxide  and  chloropicrin 
were  also  evaluated.  Carbon  monoxide  was  less 
stressful  to  the  animal  than  chloropicrin.  It  is  per- 
haps the  most  humane  agent  to  use  as  a  fumigant, 
but  the  cost  of  putting  this  gas  in  a  suitable  pres- 
surized cylinder  is  high  ($20  to  $30  for  a  dispos- 
able cylinder  containing  enough  carbon  monoxide 
for  one  den).  Cylinders  pressurized  up  to  1,000 
pounds  per  square  inch  could  also  be  dangerous  to 
transport  over  rough  terrain,  and  their  size  and 
weight  make  them  impractical  for  field  use. 
Chloropicrin  was  considered  unacceptable  be- 
cause of  the  severe  discomfort  it  causes  to  the 
animal. 

These  laboratory  tests  showed  that  the  gas  cart- 
ridge had  sufficient  promise  to  warrant  field  test- 
ing. Since  the  cartridge  produces  a  toxic  gas  (car- 
bon monoxide),  tests  were  prohibited  on  public 
lands  by  Executive  Order  11643.  Personnel  of  the 
Denver  Wildlife  Research  Center  and  Animal 
Damage  Control  cooperated  in  evaluating  the 
cartridge  in  areas  that  were  predominantly  deeded 
land. 

Animal  Damage  Control  personnel  routinely  lo- 
cate and  destroy  dens  as  a  means  of  livestock  dam- 
age control.  Fumigation  is  normally  conducted  by 
aircraft  in  conjunction  with  aerial  hunting;  either 
the  aircraft  crew  or  a  ground  crew  treats  the  dens. 
Animal  Damage  Control  personnel  in  California, 
Oregon,  Texas,  Wyoming,  and  Nebraska  partici- 
pated in  the  gas  cartridge  tests  in  the  spring  of 
1978.  One  county  trapper  in  Carbon  County, 
Wyoming,  also  tested  the  cartridge. 

When  a  coyote  den  was  located,  the  small 
microphone  of  a  listening  device  (consisting  also 
of  a  speaker  and  connecting  electrical  cable)  was 
usually  inserted  as  far  as  practical  into  the  den  to 
determine  whetner  it  was  occupied.  When  a  den 
was  known  to  contain  pups,  all  exit  holes  but  one 
were  plugged  with  dirt,  a  cartridge  was  attached  to 
a  metal  rod,  ignited,  and  inserted  as  far  as  possible 
into  the  den,  and  then  the  remaining  hole  was 
plugged.  A  half  hour  to  an  hour  later,  the  den  was 
opened  and,  when  practical,  was  dug  out  to  re- 
trieve the  pups.  Dead  pups  were  sometimes  re- 
covered with  a  wire.  When  dens  were  known  to  be 
complex  and  extensive,   two  or  three  cartridges 


were  used. 

Ninety-eight  dens  in  the  five  States  were  treated; 
500  (97<7o)  of  the  521  pups  in  the  dens  were  killed. 
Dens  where  all  pups  were  not  killed  were  usually 
extensive  and  all  pups  could  not  be  retrieved.  It  is 
also  possible  that  not  all  dead  pups  were  retrieved 
from  some  of  the  extensive  dens  that  could  not  be 
opened.  Six  adult  female  coyotes  were  also  killed 
in  the  dens. 

The  data  obtained  from  this  study  will  be  used 
to  support  an  application  to  the  Environmental 
Protection  Agency  for  registration  of  the  gas 
cartridge. 

Tranquilizer  Trap  Tabs.  More  than  13  years 
ago,  the  Center  reported  the  benefits  of  tran- 
quilizer trap  tabs  for  reducing  trauma  and  injury 
to  predators  in  steel  traps.  However,  diazepam, 
the  chemical  of  choice  at  that  time,  did  not  be- 
come commercially  available.  Within  the  past  few 
years,  research  has  been  undertaken  to  find  a  re- 
placement. One  commercially  available  chemical 
that  has  given  good  results  in  both  field  and 
laboratory  tests  is  propiopromazine  hydro- 
chloride. However,  it  is  effective  for  only  24 
hours.  This  time  limit  is  acceptable  if  animals  are 
being  captured  for  use  in  the  laboratory  or  for 
mark-and-release  studies.  But  laws  in  several 
States  require  trap  inspection  only  every  48  hours, 
a  more  practical  interval  for  field  work.  By  com- 
bining propiopromazine  with  chlordiazepoxide  we 
obtained  an  effective  duration  of  42-48  hours  in 
laboratory  tests.  Limited  field  trials  indicate  that 
the  combination  is  also  effective  under  field  condi- 
tions. After  additional  field  evaluations,  a  deci- 
sion will  be  made  about  requesting  the  Food  and 
Drug  Administration  to  register  these  chemicals 
for  operational  use. 

Stored  Sodium  Monofluoroacetate  (1080)  Solu- 
tions Remain  Toxic  for  1  Year.  Statements  in  the 
literature  indicate  that  solutions  of  1080  deterio- 
rate when  stored.  We  have  attempted  to  gain  more 
information  about  this  deterioration  by  conduct- 
ing toxicity  bioassays.  In  relation  to  the  toxic 
collar  for  sheep,  there  are  two  primary  reasons  for 
wanting  additional  data  on  the  stability  of  1080 
solutions.  First,  if  1080  toxic  collars  are  used 
under  field  conditions,  the  instability  of  1080 
would  limit  the  effectiveness  of  the  collars  to  a 
specific  period  of  time.  Second,  some  of  the  1080 
collars  could  be  lost  by  coyotes  carrying  away 
dead  sheep  and  could  be  a  potential  hazard  if 
found  by  persons  unfamiliar  with  them. 

Aqueous  solutions  containing  1080  (10  mg/ml 
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Cotton  rats  cause  extensive  damage  to  young  corn  plants  in  Latin  America.  In  this  laboratory  experiment,  the  repel- 
lent activity  of  selected  agents  was  evaluated  when  the  rats  were  exposed  to  topically  treated  seedlings.  Photo  by 
Stephen  A.  Shumake. 


active  ingredient),  plus  1  mg/ml  rhodamine  B  to 
serve  as  a  marker,  were  placed  in  individual 
rubber  packets  and  stored  under  three  conditions: 
outdoors,  in  the  laboratory,  and  in  a  refrigerator. 
At  five  weekly  intervals  after  formulation,  an 
LD90  dose  of  1080  held  under  each  storage  condi- 
tion and  a  similar  dose  from  freshly  prepared  1080 
were  administered  intraperitoneally  to  groups  of 
20  mice  each.  After  5  weeks  the  dose  of  1080  was 
lowered  to  obtain  20  to  40%  mortality,  and  bio- 
assays  were  conducted  monthly  for  1  year.  Statis- 
tical analysis  of  the  mortality  data  showed  that 
there  was  no  difference  in  toxicity  up  to  1  year  be- 
tween stored  and  freshly  prepared  1080  solutions. 
Thus,  our  data  do  not  support  statements  in  the 
literature  that  solutions  of  1080  deteriorate.  The 
implications  of  these  findings  are  that  1080  collars 
remain  toxic  for  at  least  1  year  and  should  be 
handled  with  extreme  caution. 

Protecting  Corn  Seedlings  from  Cotton  Rat 
Damage.  Cotton  rats  cause  extensive  damage  to 
early-growth  corn  plants  in  many  farming  regions 
of  Latin  America.  In  some  areas,  damage  is  often 
so  severe  that  fields  must  be  replanted  several 
times  before  adequate  corn  stands  are  raised.  The 
Denver  Wildlife  Research  Center,  under  a  joint 
USFWS-AID  agreement,  has  started  a  program  to 
develop  better  methods  of  rodent  control  for  these 


nations.  Currently,  research  is  aimed  toward  the 
assessment  of  repellent  chemicals  that  can  be  used 
to  prevent  damage  to  corn  seedlings. 

Several  candidate  repellents  (Di-Syston,  Furi- 
dan,  methiocarb,  Arasan,  dimethoate,  and 
Guthion)  were  evaluated  in  a  standard  bioassay. 
Individual  cotton  rats  were  offered  a  choice  of  25 
treated  and  25  untreated  whole  wheat  seeds.  An 
index  of  repellency  was  obtained  by  comparing  the 
numbers  of  seeds  consumed.  Both  Di-Syston  and 
Furidan  treatments  produced  over  90%  repellency 
in  this  test.  However,  repellency  was  sharply  re- 
duced when  the  same  treatments  were  topically  ap- 
plied to  young  (6-inch-high)  corn  plants. 

In  later  tests  with  cotton  rats  exposed  to  treated 
plants,  the  adhesive  binder  (Rhoplex  AC-33),  used 
for  plant  spray  treatments,  produced  slight  repel- 
lency. The  addition  of  sweet-tasting  compounds 
(glucose  and  saccharin)  further  increased  the  re- 
pellency of  Di-Syston.  These  data  suggest  that 
treatments  that  alter  the  taste  and  texture  of  corn 
seedlings,  used  in  conjunction  with  sublethal 
chemicals,  may  be  helpful  in  protecting  growing 
plants. 

Aversive  Conditioning  for  Control  of  Animal 
Damage.  Conditioned  taste  aversion  occurs  when 
an  animal  eats  a  new  food,  receives  a  dose  of  an 
illness-inducing  drug,   and   shuns   the  offending 
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food  thereafter.  If  the  taste  of  the  food  is  suffi- 
ciently unlike  that  of  the  normal  diet,  and  if  the 
drug  dosage  is  adequate,  the  aversion  response  can 
occur  after  only  one  experience. 

To  evaluate  the  feasibility  of  applying  the  con- 
cept of  conditioned  taste  aversion  to  problems  of 
animal  damage  control,  scientists  at  the  Center 
began  the  following  studies:  (1)  an  evaluation  of 
conditioned  taste  and  color  aversion  effects  in 
Quelea  quelea  (an  African  weaver  finch),  with 
methiocarb  as  an  aversive  drug  and  hulled  proso 
millet  seed  as  bait;  (2)  tests  of  conditioned  prey 
aversion  in  coyotes,  with  lithium  chloride  as  an 
aversive  drug  and  live  lambs  as  prey;  and  (3)  an  as- 
sessment of  conditioned  aversion  to  growing  rice, 
induced  in  ricefield  rats  by  applying  selected  drugs 
(lithium  chloride,  cyclophosphamide,  red  squill, 
and  copper  sulfate)  to  rice  bait. 

Although  results  have  been  variable,  all  species 
tested  showed  conditioned  aversion  responses. 
Methiocarb,  for  example,  can  produce  aversion  to 
untreated  millet  in  quelea  for  up  to  14  days.  Some 
coyotes  can  be  conditioned  to  avoid  live  lambs  as 
prey  for  up  to  7  days  after  a  lithium  chloride  bait- 
ing trial.  Ricefield  rats  show  aversion  to  the  taste 
of  sodium  saccharin-flavored  material  for  3  weeks 
or  more  after  they  consume  sufficient  levels  (150 
mg/kg  or  more)  of  lithium  chloride  in  their  drink- 
ing water. 

These  data  point  to  the  validity  and  generality 
of  the  conditioned  aversion  process  for  many  ver- 
tebrate pest  species.  However,  the  logistics  and 
cost  benefit  ratios  of  bait  applications  and  the 
feasibility  of  long-term  damage  reduction  need  to 
be  investigated. 

New  Developments  in  Bird-resistant  Sorghums. 
Bird  damage  to  sorghums  is  so  severe  in  some 
parts  of  the  world  that  only  bird-resistant  varieties 
survive  until  harvest.  Unfortunately,  the  tannins 
that  produce  astringency  and  thereby  repellency 
also  reduce  the  digestibility  and  palatability  of  the 
foods  containing  them.  A  worldwide  campaign  to 
discourage  consumers  from  buying  these  bird-re- 
sistant varieties  is  now  in  progress.  This  campaign 
has  created  problems  for  farmers  who  are  able  to 
grow  only  these  varieties.  Farmers  in  and  regions 
where  wheat  or  corn  cannot  be  grown  experience 
even  greater  hardship — they  have  no  choice  but  to 
grow  a  crop  with  low  market  value. 

Substantial  progress  is  being  made  toward  solv- 
ing this  dilemma.  Investigations  at  the  Center  and 
occasional  reports  in  the  literature  revealed  that 
some  high-tannin  varieties  differed  from  the  more 


common  bird-resistant  hybrids.  Tannin  develop- 
ment in  these  varieties  was  similar  to  the  develop- 
ment of  tannins  in  some  fruits,  such  as  bananas, 
peaches,  plums,  and  persimmons.  For  example, 
bananas  are  astringent  when  immature  but  lose 
this  property  at  maturity.  In  the  immature  stage, 
tannin  molecules  "grow"  (polymerize)  to  the  opti- 
mal size  for  cross-linking  with  mucoproteins  in  the 
mouth,  but  during  ripening  they  become  so  large 
and  bulky  that  they  are  no  longer  active.  These 
fruits  are  not  criticized  as  being  nutritionally 
inferior. 

These  exceptional  varieties  also  appear  to  have 
characteristics  resembling  those  of  a  class  of 
tannin-containing  sorghums  ("Group  II")  that 
Purdue  University  distinguished  as  having  excel- 
lent nutritional  qualities.  Laboratory  investigation 
indicates  that  Group  II  sorghums  have  tannin 
properties  similar  to  those  of  the  fruits  mentioned 
here.  This  finding  means  that  varieties  can  be  pro- 
duced that  have  good  astringent  characteristics 
during  the  immature  stage,  when  bird  damage  is 
greatest,  but  have  excellent  nutritional  qualities 
when  they  are  mature. 

The  recognition  of  these  properties  provides  a 
framework  for  bringing  relief  to  embattled 
sorghum  growers  around  the  world.  The  Center  is 
collaborating  directly  with  Purdue  University  and 
indirectly  with  two  other  agricultural  schools  in  an 
intensive  effort  to  develop  varieties  that  have  opti- 
mal Group  II  characteristics. 

Effects  of  Formulation  Modifications  on 
Coyote  Response  to  Attractants.  A  synthetic  fer- 
mented egg  (SFE)  coyote  attractant,  developed  at 
the  Denver  Wildlife  Research  Center,  has  been  a 
good  model  for  evaluating  the  effects  of  formula- 
tions in  eliciting  specific  behavioral  responses 
from  coyotes.  The  odor  quality  of  SFE  can  be  sig- 
nificantly changed  by  altering  one  of  the  four 
basic  odor  properties.  Each  property  is  associated 
with  a  specific  class  of  compound  (i.e.,  fishy  from 
amines,  fruity  from  esters,  sweaty  from  fatty 
acids,  and  sulfurous  from  sulfur  compounds). 
Modifications  were  made  by  increasing  the  con- 
centration of  one  class  of  compound  to  the  level  at 
which  the  odorant  being  added  is  first  detected. 
These  modifications,  here  called  SFE-fruity,  SFE- 
fishy,  SFE-sweaty,  and  SFE-sulfurous,  each  elicit 
different  behavioral  responses  from  coyotes.  In 
field  tests,  differences  in  such  responses  as  dig- 
ging, scratching,  pulling,  urinating,  and  rolling 
were  observed.  Intensification  of  certain  responses 
is    important    in    various    control    methodologies 
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(e.g.,  pulling  for  the  M-44  cartridges  and  digging 
for  trapping).  Knowledge  about  specific  modifica- 
tions will  make  it  possible  to  provide  a  greater 
selection  of  lures  for  control  applications  such  as 
census  techniques,  drop  baits,  trapping,  and  use 
of  M-44's. 

In  addition  to  the  specific  odor  qualities  of  SFE, 
such  factors  as  volatilization  and  weatherability 
can  influence  effectiveness  under  field  conditions. 
By  decreasing  the  rate  of  volatilization,  the  effec- 
tive duration  of  SFE  and  other  lures  can  be  in- 
creased. This  rate  can  be  decreased  by  the  use  of 
controlled-release  matrices.  Three  types  of 
matrices  (i.e.,  a  paste,  a  solid,  and  a  liquid)  have 
been  developed  for  use  with  coyote  lures.  One  of 
these  formulations  has  also  been  prepared  as  an 
aerosol  (for  convenience).  Laboratory  tests  have 
shown  these  matrices  to  be  effective  in  increasing 
the  duration  of  odor  qualities  of  SFE.  Limited 
field  tests  have  confirmed  their  usefulness. 

Thus,  a  selection  of  standard  formulations  are 
available  for  various  applications  and  climatic 
conditions.  These  formulations  and  the  instruc- 
tions for  their  use  are  being  made  available  to  ani- 
mal damage  control  operators  throughout  the 
United  States. 

Radio-tracking  Device  for  Sea  Turtles.  Hatch- 
ling  loggerhead  turtles  captured  in  September  1977 
were  reared  in  saltwater  aquariums  by  the  Na- 
tional Marine  Fisheries  Laboratory,  as  part  of  a 
pilot  study  to  determine  the  feasibility  of  increas- 
ing sea  turtle  populations  with  released  stock.  Re- 
searchers at  the  Marine  Fisheries  Laboratory  sug- 
gested that  release  of  nursery-reared  juveniles 
could  significantly  boost  the  dwindling  popula- 
tions of  sea  turtles.  However,  a  monitoring  tech- 
nique had  to  be  developed  to  determine  whether 
nursery-reared  stock  can  survive  in  the  wild. 

No  one  had  ever  followed  a  sea  turtle  for  an  ex- 
tended period  of  time.  The  Marine  Fisheries 
Laboratory  therefore  contacted  electronics  per- 
sonnel of  the  Denver  Wildlife  Research  Center  for 
assistance  in  developing  a  radio  frequency  trans- 
mitter for  attachment  to  juvenile  turtles.  Inas- 
much as  radio  frequencies  cannot  be  transmitted 
through  seawater,  a  small  transmitter  was  de- 
signed into  a  plastic  bubble  1.5  inches  in  diameter, 
which  was  attached  to  a  turtle's  shell  with  a  short 
nylon  line.  The  transmitter  would  then  emit  radio 
signals  whenever  the  turtle  swam  near  the  ocean's 
surface  and  the  bubble  floated. 

Twelve  juvenile  turtles  were  instrumented  and 
released  offshore  at  Biloxi,  Mississippi,  in  July 


Releasing  a  Pacific  Ridley  turtle  instrumented  with  a 
wildlife  transmitter  inside  a  plastic  bubble  to  test  the 
feasibility  of  radio-tracking  sea  turtles.  Photo  by  A. 
Lawrence  Kolz. 


1978.  These  nursery  turtles  weighed  about  1 
pound  and  were  7  to  9  inches  in  diameter.  The 
radio  signals  were  tracked  with  a  specially  instru- 
mented Cessna  aircraft. 

The  tracking  results  are  most  encouraging  for 
continuing  the  turtle-rearing  program.  Nursery 
turtles  were  located  swimming  in  the  Gulf  as  far  as 
70  miles  offshore.  They  appeared  to  be  healthy 
and  swimming  vigorously  over  a  10-day  tracking 
period. 

Determination  of  Sodium  Cyanide  Residues  in 
Vegetation  and  Soil.  A  recently  developed  analyti- 
cal method  for  sodium  cyanide  was  used  in  a  study 
to  assess  environmental  residue  levels  resulting 
from  use  of  the  M-44  cartridge.  Although  sodium 
cyanide  is  extremely  toxic,  its  use  in  the  cartridge 
has  not  been  considered  environmentally 
hazardous  because  of  the  instability  of  the  chemi- 
cal and  restricted  use  of  the  cartridge.  However, 
requirements  of  regulatory  agencies  necessitated 
determination  of  sodium  cyanide  persistence  in 
plants  and  soil. 

In  the  study,  sodium  cyanide  from  a  cartridge 
was  applied  directly  to  randomly  selected  square- 
foot  plots  of  vegetation  or  soil.  The  analysis  of 
samples  collected  from  plots  at  scheduled  intervals 
showed  that  residue  levels  in  vegetation  decreased 
rapidly  within  24  hours  and  were  below  detectable 
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These  six  rice-field  rats  are  trying  to  escape  an  enclosure  having  a  3-wire  electrode  system  and  a  nonelectrified 
vertical  barrier  designed  to  prevent  rats  from  invading  rice  fields.  Photo  by  A.  Lawrence  Kolz. 


levels  after  only  2  days.  Residues  in  soil  also  de- 
creased rapidly  for  2  days  after  application,  then 
leveled  off  at  a  range  of  0.5  to  6.0  ppm  after  2 
weeks,  and  0.1  to  0.6  ppm  after  6  weeks.  These 
low  levels  indicate  that  environmental  contamina- 
tion from  the  M-44  cartridge  is  highly  unlikely. 
Accidental  discharge  of  sodium  cyanide  from  a 
cartridge  would  probably  be  so  thinly  dispersed 
that  its  concentration  in  vegetation  or  soil  would 
be  considerably  less  than  the  trace  amounts  found 
in  test  plots.  Since  an  average  of  one  cartridge 
(containing  less  than  1  g  of  sodium  cyanide)  per  10 
acres  is  the  normal  application  rate,  hazardous  ac- 
cumulations of  sodium  cyanide  are  not  expected 
to  occur. 

An  Analytical  Method  for  the  Determination  of 
Warfarin  Residues.  Warfarin  is  an  anticoagulant 
rodenticide  that  is  being  used  experimentally  for 
control  of  rice-field  rats  in  the  Philippines.  The 
Agency  for  International  Development,  through 
cooperative  agreement  with  the  Center,  is  studying 
the  occurrence  of  warfarin  residues  in  rice  plants, 
soil,  and  water  from  areas  under  sustained  baiting 
programs.  Hence,  an  analytical  method  to  meas- 
ure warfarin  residue  levels  in  these  materials  was 
required.  Since  warfarin  is  not  registered  for  agri- 


This  rice-field  rat  has  just  been  shocked  as  it  attempted 
to  escape  from  a  high-voltage  enclosure  consisting  of  a 
perimeter  grid  of  horizontal  wires.  Photo  by  A.  Lawrence 
Kolz. 


cultural  use  in  the  United  States,  a  suitable  ana- 
lytical method  was  not  available.  However, 
chemists  at  the  Center  developed  a  technique  for 
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such  analysis,  which  involves  treatment  of  war- 
farin with  methyl  alcohol  and  sulfuric  acid  to 
form  a  derivative  that  can  be  measured  by  gas 
chromatography.  The  derivative,  which  is  detect- 
able in  nanogram  quantities  by  electron  capture 
gas  chromatography,  allows  the  detection  of 
0.1  ppm  warfarin  in  plants  and  soil,  and  0.01  ppm 
in  water. 

Electric  Barriers  for  Rats.  Prototype  designs  of 
high-voltage  electric  barriers  are  proving  to  be  ef- 
fective for  preventing  rats  from  invading  rice 
fields.  The  success  of  this  research  will  probably 
depend  on  whether  the  average  Filipino  farmer 
will  be  able  to  afford  the  barriers.  Simplified  bar- 
riers constructed  of  low-cost  native  materials  are 
therefore  being  developed  and  tested.  Even  with 
cheaper  materials,  it  will  probably  be  necessary 
for  several  farmers  to  group  together  and  fence 
large  areas,  if  the  method  is  to  be  cost  effective. 

Electric  barriers  inherently  have  a  number  of 
desirable  characteristics.  They  can  be  designed  to 
be  nonlethal  to  humans,  do  not  contaminate  the 
environment,  provide  a  stimulus  to  which  animals 
cannot  adapt,  can  be  energized  only  when  needed, 
and  apparently  can  even  develop  avoidance  be- 
havior in  animals. 

A  New  Wildlife  Marker:  Color-coded  Plastic 
Particles.  A  small  plastic  chip,  originally  de- 
veloped for  the  explosives  industry,  offers  a  new 
way  to  mark  wildlife  or  baits.  The  plastic  chips, 
about  the  size  of  a  grain  of  fine  sand,  contain 
colored  layers  that  can  be  ai  ranged  differently  in 


each  lot  manufactured.  Varying  the  number  and 
combinations  of  the  10  colors  available  yields  mil- 
lions of  usable  codes.  A  30X-100X  magnifier  is 
used  to  read  the  code. 

Research  conducted  with  blackbirds  and  star- 
lings has  shown  that  application  of  the  particles  in 
a  sprayed  adhesive  marks  birds  for  at  least  3 
months.  Since  one  layer  of  the  particle  is  fluores- 
cent, examination  under  ultraviolet  light  imme- 
diately reveals  whether  a  bird  is  marked.  Theoreti- 
cally, thousands  of  blackbirds  in  a  single  roost 
could  be  marked  with  an  aerial  spray.  Field  trials 
to  test  this  concept  are  being  planned.  Mass  mark- 
ing would  advance  our  understanding  of  the  popu- 
lation dynamics  of  certain  avian  species,  which 
previously  could  not  readily  be  marked  in  large 
numbers. 

Studies  with  marked  baits  have  shown  that 
mice,  rats,  ground  squirrels,  coyotes,  starlings, 
and  red-winged  blackbirds  readily  accept  baits 
containing  these  markers.  Digestive  tracts  and 
fecal  deposits  can  be  quickly  scanned  for  the  par- 
ticles with  an  ultraviolet  light.  Another  layer  of 
the  particles  is  ferromagnetic.  Thus,  liquids,  sus- 
pensions, and  powders  can  be  quickly  checked  by 
passing  a  magnet  through  or  over  the  sample  to  re- 
cover particles  present.  The  particles  remained  in- 
tact in  all  species  tested. 

The  potential  usefulness  of  this  marker  in  the 
field  of  wildlife  research  is  great.  The  particle's 
unique  code,  ease  of  detection  and  recovery,  and 
durability  make  it  a  breakthrough  in  the  field  of 
wildlife  marking. 


Environmental  Contaminant  Evaluation 


COLUMBIA  NATIONAL  FISHERIES 
RESEARCH  LABORATORY 

Acute  Toxicity  of  Benomyl,  Trifluralin,  and 
Picloram  to  Freshwater  Organisms.  Benomyl,  tri- 
fluralin, and  picloram  are  pesticides  used  exten- 
sively in  agricultural  areas  throughout  the  United 
States.  Benomyl  is  a  fungicide  used  on  rice  in  the 
South;  trifluralin  is  one  of  the  more  widely  used 
pre-emergent  herbicides  for  weed  control  in  soy- 


beans and  cotton;  and  picloram  is  used  to  control 
Canada  thistle  and  larkspur  in  the  intermountain 
areas  of  the  West  and  multiflora  rose  in  the  Mid- 
west and  South.  Benomyl  was  the  most  toxic  of 
the  three  chemicals  to  fish  and  invertebrates,  fol- 
lowed by  trifluralin  and  picloram.  Benomyl  was 
extremely  toxic  to  all  life  stages  of  channel  catfish 
(96-hour  LC50,  5.6-29  /ig/1),  and  less  toxic  to  dif- 
ferent life  stages  of  rainbow  trout  (96-hour  LC50, 
120-310  /tg/1).  The  results  suggest  that  this  fungi- 
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Effects  of  acute  Kepone  intoxication  in  fathead  min- 
nows exposed  to  73  mg/l  for  48  hours.  Fish  acutely  ex- 
posed to  Kepone  exhibited  broken  and  dislocated  verte- 
brae. Photo  by  D.  R.  Buckler. 


cide  could  be  particularly  hazardous  to  catfish  in 
natural  systems  or  fish-farming  operations  adja- 
cent to  rice  fields.  Trifluralin  was  more  toxic  to 
rainbow  trout  than  to  channel  catfish,  and  pic- 
loram  was  slightly  more  toxic  to  small  channel  cat- 
fish than  to  rainbow  trout.  These  studies  suggest 
that  contamination  of  aquatic  habitats  by  these 
chemicals  during  the  spawning  season  could  re- 
duce the  survival  of  young  fish. 

Kepone-Mirex  Research.  The  structurally  re- 
lated organochlorine  insecticides,  Kepone  and 
mirex,  are  common  contaminants  in  aquatic  habi- 
tats. Kepone  is  a  major  contaminant  in  the  James 
River  in  Virginia,  and  mirex  is  an  insecticide  for 
fire  ant  control  in  the  southeastern  United  States, 
where  residues  have  been  reported  in  fish  from 
natural  waters.  Recently  mirex  residues  have  also 
been  reported  in  fish  from  the  eastern  Great  Lakes 
region. 


Chronic  exposure  of  fathead  minnows  to 
Kepone  at  concentrations  of  3.1  fig/\  or  higher  re- 
sulted in  reduced  growth  and  survival,  but  mirex 
caused  no  effects  at  concentrations  as  high  as  34 
fig/l.  Kepone  was  acutely  toxic  to  fathead  min- 
nows; mortality  and  dislocated  vertebrae  appeared 
at  concentrations  as  low  as  10  /ig/1.  Kepone  con- 
centrations that  reduced  growth  and  survival  were 
in  the  range  of  those  reported  to  exist  in  natural 
waters  in  the  Hopewell,  Virginia,  area. 

Biochemical  studies  focused  on  backbone  de- 
velopment after  chronic  exposure  to  the  chemi- 
cals. Fry  of  fathead  minnows  were  continuously 
exposed  to  Kepone  (13-312  ng/1)  or  to  mirex  (1.6- 
34  fxg/\)  for  120  days.  Neither  chemical  affected 
growth,  reproduction,  or  survival  at  these  concen- 
trations, but  backbone  composition  was  signifi- 
cantly altered.  Collagen,  the  protein  organic 
matrix  of  bone,  was  decreased  by  Kepone  concen- 
trations as  low  as  70  ng/1.  Kepone  could  alter  bone 
integrity  and  mechanical  properties  in  fish  because 
collagen  fibrils  are  responsible  for  bone  structure 
and  strength.  Furthermore,  both  Kepone  and 
mirex  significantly  altered  collagen  metabolism  in 
the  swim  bladder;  Kepone  induced  changes  at  70 
ng/1  and  greater  and  mirex  at  2.6  /*g/l  and  greater. 
Because  collagen  is  responsible  for  the  elasticity 
and  mechanical  properties  of  the  swim  bladder, 
chemical-induced  alteration  in  collagen  fibrils 
could  alter  swim  bladder  function  and  adversely 
influence  hydrostatic  responses  in  fish.  On  the 
basis  of  these  two  studies,  we  believe  that  Kepone 
presents  a  more  serious  environmental  problem 
than  mirex  because  concentrations  of  Kepone  that 
induced  changes  in  bone  composition  were  very 
low  in  relation  to  acute  toxicity  and  water  solu- 
bility— and  were  lower  than  those  reported  for  the 
James  River  and  Bailey's  Creek,  Virginia.  It  is  un- 
likely that  mirex  exposure  concentrations  that  in- 
duced biochemical  responses  would  occur  in 
aquatic  habitats. 

Although  Kepone  is  an  organochlorine  insecti- 
cide, analytical  procedures  that  should  detect  this 
insecticide  in  fish  are  inadequate.  Samples  of  fish 
from  the  James  River  and  from  Chesapeake  Bay, 
which  were  contaminated  with  Kepone,  did  not 
show  the  residues  expected.  Fish  exposed  to  "C- 
Kepone  in  the  laboratory  did  accumulate  residues, 
but  90%  of  these  consisted  of  an  uneharacterized 
metabolite.  Kepone  appears  to  be  bound  to  some 
natural  biochemical  of  fish,  and  therefore  is  not 
detectable  by  routine  analyses  used  in  monitoring 
offish. 
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The  detection  of  mirex  in  the  Great  Lakes,  its 
widespread  use  for  fire  ant  control  in  the  south- 
eastern part  of  the  United  States,  and  the  struc- 
tural similarity  of  mirex  and  Kepone  prompted  us 
to  undertake  detailed  residue  dynamics  studies  on 
mirex.  We  found  no  significant  degradation  prod- 
ucts of  mirex  in  fish,  but  the  fish  accumulated 
large  quantities  of  mirex,  which  were  excreted 
slowly.  The  half-life  of  mirex  residues  in  fish 
maintained  in  untreated  water  was  56  days.  Both 
Kepone  and  mirex  appear  to  be  resistant  to  degra- 
dation in  hydrosoil. 

Kepone  inhibited  the  metabolic  activity  of 
freshwater  heterotrophic  bacteria  at  water  concen- 
trations greater  than  1.0  mg/1.  We  measured  the 
dark  uptake  of  l4C02  by  heterotrophic  bacteria 
and  estimated  production  of  microbial  biomass. 
At  Kepone  concentrations  of  10  mg/1,  l4CO:  fixa- 
tion by  heterotrophic  bacteria  was  inhibited  about 
95%  when  compared  with  the  control.  Similar  ef- 
fects were  observed  in  the  l4C-glucose  mineraliza- 
tion, growth  curve,  most-probable-number,  and 
total  viable  plate  count  procedures. 

Ecological  Influence  of  Chemicals  Used  in 
Management  of  Ponds  and  Irrigation  Systems. 
Over  the  last  2  years,  investigations  in  experi- 
mental ponds  were  directed  toward  three  objec- 
tives: (1)  evaluation  of  the  role  of  rooted  sub- 
mersed aquatic  plants  in  cycling  of  pond  nutrients; 
(2)  determination  of  the  effects  of  plant  growth 
suppression  by  herbicides  on  pond  productivity; 
and  (3)  evaluation  of  limnological  measurements 
that  are  most  useful  in  assessing  ecological 
changes  induced  by  contaminants. 

High  densities  of  submergent  rooted  vegetation 
were  suppressed  by  applying  the  aquatic  herbicide 
fenac  (2  mg/1)  and  dichlobenil  (110  kg/ha)  before 
the  plants  emerged,  or  by  stocking  grass  carp. 
Heavy  suppression  of  plant  growth  reduced  algae, 
total  productivity,  and  cycling  of  nutrients  (nitro- 
gen and  phosphorus),  and  may  have  adversely  af- 
fected fish  populations.  In  ponds  where  grass  carp 
had  significantly  reduced  the  density  of  rooted 
vegetation,  the  numbers  of  young  largemouth  bass 
were  reduced,  but  their  growth  rate  was  increased. 
However,  the  presence  of  large  masses  of  aquatic 
vegetation  appeared  to  result  in  a  reduction  in  the 
weight  of  adult  largemouth  bass. 

The  surface  area  of  inland  waters  larger  than 
16.2  ha  in  the  United  States  now  exceeds 
139,860  km2,  of  which  51,800  knv  occur  in  the  17 
western  States.  In  addition,  the  United  States  has 
well  over  300,000  linear  miles  of  ditches  and  irri- 


gation canals.  Much  of  this  aquatic  habitat  is  suit- 
able for  growth  of  aquatic  plants  to  nuisance  pro- 
portions. Recent  invasions  by  aggressive  exotic 
species  such  as  Eurasian  water  milfoil  (Myriophyl- 
lum  spicatum)  and  hydrilla  (Hydrilla  verticillata), 
which  are  difficult  to  control,  have  highlighted 
aquatic  plant  problems  and  greatly  increased  the 
need  for  control. 

Herbicides  have  played  a  major  role  in  attempts 
to  limit  aquatic  plant  infestations.  Irrigation  sys- 
tems are  particularly  susceptible  to  such  infesta- 
tions, and  herbicides  are  used  extensively  to  con- 
trol aquatic  plants  as  well  as  terrestrial  plants 
along  irrigation  ditch  banks.  Many  irrigation 
canals  support  significant  fish  populations  that 
may  be  exposed  to  toxic  herbicides  during  plant 
control  efforts.  Since  1971,  the  Columbia  Na- 
tional Fishery  Research  Laboratory  has  partici- 
pated in  cooperative  research  with  the  Bureau  of 
Reclamation  and  the  Department  of  Agriculture's 
Science  and  Education  Administration-Federal 
Research,  to  investigate  the  effects  of  aquatic 
plant  control  in  irrigation  systems  on  fish  and 
other  aquatic  organisms.  This  research  has  re- 
sulted in  the  formulation  of  management  recom- 
mendations designed  to  reduce  impacts  on  fish  in 
irrigation  canals,  and  in  the  development  and  use 
of  less  toxic  and  more  degradable  herbicides. 

An  innovative  method  for  decreasing  the  impact 
of  aquatic  plant  control  on  fish  and  other  mobile 
organisms  in  irrigation  canals  may  be  to  induce 
the  animals  to  move  out  of  canal  sections 
scheduled  for  herbicide  treatment.  One  possibility 
involves  the  application  of  copper  sulfate.  Earlier 
laboratory  research  showed  that  newly  hatched 
rainbow  trout  avoided  copper  sulfate  concentra- 
tions below  1  (ig/\.  Preliminary  investigations  were 
begun  in  spring  1978  to  determine  whether  rain- 
bow trout  fingerlings  would  avoid  copper  sulfate 
in  simulated  irrigation  canals  maintained  by  the 
Bureau  of  Reclamation.  The  source  of  water  to 
the  canals  is  irrigation  water  (temperature,  12°  C) 
stored  in  Carter  Lake,  Berthoud,  Colorado.  Fish 
tended  to  concentrate  in  shaded  areas  in  the 
canals,  but  those  exposed  to  a  metered  concentra- 
tion of  7  ptg/1  of  copper  sulfate  quickly  moved  to 
the  furthermost  downstream  shaded  area.  The 
copper  sulfate  treatment  caused  no  fish  mortali- 
ties. Background  levels  of  copper  (Cu*+)  in  the 
water  supply  averaged  1 .0  /*g/l. 

Asiatic  clams  (Corbicula  sp.)  have  become  a 
serious  problem  in  various  freshwater  systems  in 
the  United  States,  particularly  in  concrete-lined 
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canals.  These  mollusks,  which  were  first  dis- 
covered in  the  Columbia  River  in  the  1930's,  have 
become  widespread  and  rapidly  develop  large 
populations;  they  clog  intake  screens,  reduce  dis- 
charge capacity  in  canals,  and  even  colonize  cool- 
ing system  condenser  tubes.  Although  mollusci- 
cides  were  believed  to  be  a  possible  solution,  a  re- 
view of  the  available  literature  indicated  that 
adults  are  highly  resistant  to  chemicals  and  can 
isolate  themselves  from  the  environment  for  long 
periods.  Promising  control  measures  suggested 
from  the  literature  include  mechanical  harvesting 
or  environmental  manipulation,  such  as  changing 
temperature,  water  level,  water  flow,  or  water 
chemistry.  Harvesting  is  possible  because  the 
clams  are  edible  and  considered  a  delicacy  by  some 
ethnic  groups. 

Black  Fly  Control  with  Larvicides.  Black  flies 
traditionally  have  been  serious  biting  pests  only  in 
May  and  June  in  the  upper  New  England  States; 
however,  multigeneration  species  have  become 
prevalent  and  have  extended  the  black  fly  season 
through  October  and  advanced  peak  biting  ac- 
tivity to  July  and  August.  Outdoor  industries  in 
upper  New  York  and  northern  New  England  are 
said  to  be  damaged  in  summer  by  the  presence  of 
the  insects.  The  control  of  black  flies  by  applica- 
tion of  methoxychlor  directly  into  streams  several 
times  per  season  is  under  consideration  and  has 
been  practiced  in  New  York. 

We  found  that  methoxychlor  retarded  growth 
and  development  of  rainbow  trout  fry  exposed  to 
water  concentrations  of  1 .2  /xg/1  for  90  days.  Yolk 
absorption  was  delayed  at  3.1  /tg/1  and  halted  at 
6.9  iig/\.  The  fry  did  not  survive  beyond  45  days  at 
concentrations  of  3.1  jig/1  and  greater.  Early  life 
stages  (eyed  eggs  and  sac  fry),  however,  were 
tolerant  of  extremely  high  water  concentrations 
(50,000  /xg/l)  in  96-hour  static  tests. 

Crude  Oil  Processing — Potential  Problem  to 
Coldwater  Fishes.  Underground  deposits  of  crude 
oil  in  the  western  United  States  coexist  with  aqui- 
fers of  fresh  water,  and  fresh  water  is  sometimes 
injected  into  the  oil-bearing  strata  to  force  oil 
toward  the  well.  In  both  situations,  fresh  water  is 
pumped  to  the  surface  with  the  oil  wheie  the  two 
are  separated  by  treaters.  The  oil  is  transported  to 
refineries  and  the  water  is  either  discharged  or  re- 
injected. An  apparatus  was  developed  to  simulate 
an  oil-treater  for  delivering  various  concentrations 
of  organics  obtained  from  Wyoming  crude  oil  and 
dissolved  in  fresh  water. 

We  determined  that  the  organics  present  in  dis- 


charge waters  from  selected  oil  production  sites  in 
Wyoming  are  hazardous  at  concentrations  below 
the  allowable  discharge  limitation.  Chronic  expo- 
sure of  cutthroat  trout  to  the  soluble  phase  of  an 
oil-in-water  mixture  resulted  in  reduced  growth  at 
a  total  hydrocarbon  level  of  0.02  of  the  maximum 
allowable  discharge  established  by  Wyoming 
water  quality  standards. 

Stoneflies  as  Environmental  Indicators.  Current 
knowledge  of  chronic  toxicological  impacts  of 
contaminants  on  life  cycles  of  aquatic  inverte- 
brates is  mainly  confined  to  the  Crustacea  and  the 
Diptera.  In  view  of  the  potential  impact  of  energy 
development  in  the  West,  it  is  essential  that  we  be 
able  to  assess  the  effects  of  environmental  con- 
taminants on  the  life  cycle  of  important  coldwater 
invertebrates. 

Pteronarcella  badia,  a  common  and  abundant 
stonefly  in  many  western  coldwater  streams,  is  an 
important  fish  food  organism.  We  collected  large 
numbers  of  this  stonefly,  which  has  a  1-year  life 
cycle,  in  the  fall  and  held  the  naiads  under  dif- 
ferent conditions  of  diet,  temperature,  and  photo- 
period  through  the  winter  and  early  spring.  The 
naiads  grew  best  on  a  diet  of  aspen  leaves  and 
detritus  already  colonized  with  bacteria  and  peri- 
phyton.  The  highest  incidence  of  emergence  was 
observed  when  the  naiads  were  maintained  under 
a  controlled  photoperiod  and  at  a  constant  tem- 
perature of  10°  C  until  June.  When  the  water  tem- 
perature was  raised  to  15°  C  in  early  June,  emer- 
gence followed  in  7  to  14  days.  Although  survival 
to  emergence  was  only  34°7o,  82°7o  of  the  survivors 
emerged.  The  smaller  males  emerged  early,  and 
mated  repeatedly  with  m^re  than  one  female.  The 
adults  lived  5  to  10  days,  and  several  egg  masses 
could  be  collected  from  a  single  female.  The  adults 
were  most  active  at  night  and  during  the  early 
morning;  egg  masses  were  usually  deposited 
within  the  first  few  hours  of  the  morning.  Al- 
though we  experimented  with  several  methods  for 
incubating  stonefly  eggs,  none  hatched. 

Enough  information  was  collected  about  this 
stonefly  to  enable  us  to  measure  the  following 
events  in  the  life  cycle  in  a  toxicological  investiga- 
tion: naiad  growth,  time  of  emergence,  percentage 
emergence,  number  o\'  matings,  number  of  egg 
masses  produced,  and  longevity  of  adults. 

Aquatic  Contaminants  and  Hydrosoil.  We  de- 
veloped a  hydrosoil  biodegradation  test  to  investi- 
gate the  persistence  of  aquatic  contaminants. 
Temperature,  pH,  dissolved  oxygen,  and  nutri- 
tional state  of  the  hydrosoil  significantly  affected 
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the  degradation  of  various  contaminants.  For 
example,  di-2-ethylhexyl  phthalate  was  not  de- 
graded in  hydrosoil  at  pH  5,  or  at  5°  C,  or  under 
anaerobic  conditions  after  28  days  incubation, 
whereas  at  higher  pH's  and  temperatures,  70  to 
80%  of  the  phthalate  was  degraded.  Perturbations 
of  biogeochemical  cycles  in  hydrosoil  by  contami- 
nants were  also  studied.  At  water  concentrations 
greater  than  1.0  mg/1,  Kepone  inhibited  the  meta- 
bolic activity  of  freshwater  heterotrophic  bacteria, 
and  also  blocked  the  degradation  of  Imidan, 
Dylox,  and  di-A?-butyl  phthlate  in  hydrosoil. 

Polychlorinated  Biphenyls  and  Related  Re- 
search. The  environmental  occurrence  of  poly- 
chlorinated biphenyls  (PCB's)  has  been  well  docu- 
mented. About  400  million  pounds  of  PCB's  are 
estimated  to  have  already  been  discarded  into  the 
environment,  and  an  additional  300  million 
pounds  are  now  in  use.  Because  many  important 
aquatic  habitats  are  being  threatened  by  the  pres- 
ence of  high  concentrations  of  PCB's,  we  have 
begun  to  study  the  effect  of  PCB's  on  fish  and 
aquatic  invertebrates;  and  more  importantly,  we 
have  begun  to  evaluate  the  effects  of  chemicals 
that  are  replacements  for  PCB's,  to  reduce  the 
possibilities  of  the  occurrence  of  similar  contami- 
nation problems  in  the  future.  In  partial  chronic 
studies  with  rainbow  trout,  two  PCB  replacements 
for  hydraulic  fluids,  Pydraul  50E  and  115E,  at 
concentrations  of  10  to  50  ^g/1  reduced  growth, 
increased  mortality,  and  caused  the  development 
of  eye  lens  cataracts.  Two  components  of  the 
fluids,  nonylphenyldiphenyl  phosphate  (NPDPP) 
and  cumylphenyldiphenyl  phosphate  (CPDPP), 
were  responsible  for  the  chronic  effects  observed, 
whereas  the  other  component,  triphenyl  phos- 
phate, appeared  to  be  mainly  a  problem  under 
acute  conditions.  Formulation  of  phosphate  ester 
mixtures  with  minimal  amounts  of  CPDPP  and 
possibly  NPDPP  would  be  more  environmentally 
acceptable  than  the  present  formulations  of 
Pydraul  50E  and  115E. 

Biological  Significance  of  PCB's  in  the  Upper 
Mississippi  River.  The  aquatic  and  wetland  habi- 
tats of  the  Upper  Mississippi  River  support  a  di- 
verse array  of  flora  and  fauna,  many  of  significant 
economic  and  recreational  value.  The  Fish  and 
Wildlife  Service  has  recognized  that  these  impor- 
tant areas  are  being  threatened  by  the  presence  of 
high  concentrations  of  PCB's.  However,  neither 
the  full  extent  of  the  problem  nor  the  factors  con- 
trolling the  distribution  of  PCB's  within  these 
habitats  have  been  adequately  assessed.  Although 


PCB  contamination  poses  an  immediate  threat  to 
the  viability  of  this  riverine  ecosystem,  it  also  pro- 
vides a  unique  opportunity  to  obtain  a  funda- 
mental understanding  of  the  dynamics  of  PCB's, 
and  thus  increase  our  ability  to  predict  future 
problems  prior  to  the  crisis  stage. 

A  multidisciplinary  approach  was  needed  to 
assess  quantitatively  the  impact  of  PCB's  on  the 
important  flora  and  fauna  of  the  region.  It  was 
anticipated  that  a  carefully  planned  and  integrated 
hydrological,  physicochemical,  and  biological 
data  collection  and  analysis  system  would  provide 
the  information  for  the  generation  of  a  diagnostic 
model  that  would  aid  in  assessing  the  environ- 
mental dynamics  of  PCB's  in  the  Upper  Missis- 
sippi River. 

An  intensive  effort  was  begun  to  identify,  com- 
pile, and  document  the  information  necessary  to 
obtain  a  coherent  overview  of  the  physical  and 
ecological  dynamics  of  the  Upper  Mississippi 
River,  and  to  document  present  sources  and  levels 
of  PCB's  in  the  River.  Major  areas  covered  include 
PCB  transport  and  accumulation,  hydrology  and 
sediment  transport,  biology  of  the  Upper  Missis- 
sippi River,  ecosystem  modeling,  and  water 
quality.  In  addition,  we  are  critically  evaluating 
and  synthesizing  pertinent  current  and  historical 
information  relating  to  the  physical  character- 
istics, including  hydrology  and  sediment  trans- 
port, and  the  distribution  and  transport  of  PCB's 
in  the  study  area  (with  emphasis  on  Lake 
Onalaska  in  Pool  7). 

Only  limited  data  are  available  for  estimating 
the  mass  transport  of  PCB's  within  Lake 
Onalaska  itself.  On  the  basis  of  residue  levels  in 
carp  from  the  main  channel  and  from  the  Black 
River,  it  reasonably  can  be  concluded  that  most 
transport  is  associated  with  the  influx  of  water 
from  the  main  channel  into  the  lake.  During  the 
late  spring,  summer,  and  fall,  wind  stress  prob- 
ably is  sufficient  to  keep  the  lake  reasonably  well 
mixed  except  in  local  areas.  Under  these  condi- 
tions, the  mean  aqueous  PCB  level  probably  ap- 
proaches that  of  the  main  channel,  estimated 
earlier  to  be  about  35  ng/1.  During  the  winter  and 
early  spring,  relatively  large  influxes  of  Black 
River  water  may  occur,  which  would  tend  to  de- 
crease the  available  PCB  residues.  During  summer 
and  fall,  severe  thunderstorms  in  the  watershed  of 
the  Black  River  may  also  greatly  increase  its  rela- 
tive contribution  to  the  lake.  The  beds  of  maero- 
phytes  constitute  a  significant  mass  of  material  of 
potentially   high   adsorptive  capacity   within   the 


31 


Beach  seining  for  young-of-the-year  striped  bass  in  the 
Potomac  River.  Striped  bass  from  four  watersheds  will 
be  analyzed  for  contaminant  residues  and  collagen  con- 
tent of  their  backbones;  collagen  is  important  to  normal 
growth  and  development  of  fish  and  has  been  shown  in 
the  laboratory  to  be  seriously  affected  by  contaminants 
such  as  PCB's  and  toxaphene. 


lake,  and  may  represent  a  significant  reservoir  of 
PCB  residues  and  route  of  transport  to  consumer 
organisms. 

Chemical  Aspects  of  PCB's.  Polychlorinated 
biphenyls  are  widespread  environmental  contami- 
nants, consisting  of  over  200  related  chlorine-con- 
taining organic  chemicals.  Using  an  experimental 
activated  carbon,  we  separated  many  PCB  compo- 
nents and  began  studies  of  their  respective  toxicity 
to  fish.  Preliminary  results  indicate  that  some 
PCB  components,  especially  3,4,3',4'-tetra- 
chlorobiphenyl,  are  more  toxic  than  others.  We 
suspect  that  its  planar  configuration,  which  is 
somewhat  similar  to  that  of  dioxins,  may  be  re- 
sponsible for  its  greater  biological  activity.  Using 
our  most  advanced  analytical  techniques,  we  have 
for  the  first  time  measured  residues  of  3,4, 3 ',4'- 
tetrachlorobiphenyl  in  fish  from  the  Hudson 
River,  New  York.  The  same  analytical  techniques 
can  be  used  to  determine  whether  additional  PCB 
components  similar  to  3,4,3' ,4'-tetrachlorobi- 
phenyl  are  present  in  fish  and  other  aquatic 
organisms. 

Progress  in  Developing  Analytical  Methods  for 
Selected  Herbicides  and  Toxic  Substances.  Ana- 
lytical /methods  development  was  directed  mainly 
toward  three  major  groups  of  contaminants:  (1) 
the  herbicides  trifluralin,  picloram,  and  2,4,5-T, 
because  of  their  expanding  use  in  soybean  produc- 
tion, range  management,  and  forest  management, 


respectively;  (2)  phenols,  including  pentachloro- 
phenol,  because  of  their  presence  in  aquatic  habi- 
tats and  their  presence  on  the  Consent  Decree  list 
of  the  Environmental  Protection  Agency  (EPA); 
and  (3)  dioxins,  dibenzofurans,  and  planar  PCB's, 
because  they  have  been  detected  in  fish  and  have 
relatively  high  biological  activity. 

Trifluralin,  picloram,  and  2,4,5-T  are  used  ex- 
tensively in  the  Nation's  watersheds.  Toxico- 
logical  assessment  of  the  effects  of  these  chemicals 
on  fishery  resources  has  required  early  establish- 
ment of  procedures  for  analysis  of  these  chemicals 
in  water  and  fish  tissues.  During  1978,  analysts  at 
the  Columbia  National  Fishery  Research  Labora- 
tory also  worked  closely  with  EPA  to  develop  ana- 
lytical procedures  for  a  number  of  high-priority 
toxic  chemicals  known  to  contaminate  aquatic 
habitats.  We  have  developed  methods  for  separat- 
ing and  analyzing  1 1  of  the  most  important 
phenols,  including  pentachlorophenol,  that  could 
coexist  in  water,  fish  tissues,  and  sediments.  In 
other  analytical  research,  we  have  developed  a 
complex  separation  procedure  for  analysis  of  di- 
oxins and  dibenzofurans  that  permits  detection  of 
as  little  as  0.01-0.1  part  per  billion  in  fish.  These 
highly  toxic  chemicals  are  generally  contaminants 
of  other  phenolic  products  produced  during 
manufacture  and  are  believed  to  be  biologically 
active  in  trace  amounts.  A  pooled  sample  of 
several  species  of  fish  collected  by  the  Michigan 
Department  of  Natural  Resources  from  the  Tita- 
bawassee  River,  a  tributary  of  Lake  Huron,  con- 
tained a  dioxin  residue  of  1  part  per  billion. 

In  the  procedure  developed  for  dioxins  and 
other  planar  contaminants,  we  used  gel  permea- 
tion and  carbon  foam  chromatography.  We  can 
now  separate  phenols  and  acidic  herbicides  from 
PCB's,  amines,  and  neutral  pesticide  residues  by 
using  our  recently  developed  alkali  metal  silicate 
chromatography. 

National  Contaminant  Monitoring  Program. 
Analysis  of  bottom  feeding  and  predatory  fish 
from  54  locations,  representing  most  of  the  Na- 
tion's major  watersheds,  has  continued  to  illus- 
trate areas  of  contaminant  accumulation.  The 
most  obvious  problems  concern  the  continued 
presence  of  the  following  contaminants:  (1)  DDT 
and  related  compounds,  PCB's,  chlordane,  and  a 
toxaphene-like  substance  in  Lake  Michigan  and 
other  Great  Lakes;  (2)  toxaphene,  chlordane, 
endrin,  HCB,  and  DDT-related  compounds  in  the 
lower  Mississippi  River;  (3)  PCB's  and  chlordane 
in  the  Interior  Basin  in  Nevada;  (4)  toxaphene  and 
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endrin  in  Gulf  Coast  streams;  (5)  PCB's  and 
chlordane  in  the  Northeast;  and  (6)  chlordane  and 
aldrin-dieldrin  in  Hawaii.  DDT  concentrations 
continue  to  decline,  but  PCB's,  which  are  also 
ubiquitous,  show  no  marked  changes  from  recent 
years. 

Field  Research  Assessments  and  Activities  Re- 
lating to  Contaminants.  Eight  field  research  sta- 
tions were  activated  in  fiscal  year  1978  to  complete 
the  establishment  of  field  research  functions  of  the 
Columbia  National  Fishery  Research  Laboratory 
in  eight  major  watershed  areas  across  the  country. 
All  stations  developed  research  liaison  with  the 
Service's  Regional  Offices  and  began  gathering  in- 
formation on  existing  and  potential  sources  of 
contaminants. 

Intensive  assessment  of  research  needs  was 
made  by  each  Field  Research  Station.  Sources  of 
information  on  contaminants  include  Federal, 
State,  and  local  agencies  and  river  basin  commis- 
sions, as  well  as  academic  institutions  and  special 
interest  groups.  Regional  and  area  offices  of  the 
Fish  and  Wildlife  Service  were  contacted  first  to 
obtain  information  and  to  establish  contacts  with 
other  agencies.  Other  Federal  agencies  routinely 
contacted  include  the  EPA,  U.S.  Geological  Sur- 
vey, U.S.  Department  of  Agriculture,  and  U.S. 
Army  Corps  of  Engineers. 

Preliminary  information  on  contaminant  prob- 
lems is  already  available  from  all  of  the  Field  Re- 
search Stations.  Potential  problems  involve  energy 
development,  agriculture  and  forestry,  industry, 
urban  wastes,  and  mineral  mining.  Problems  re- 
lated to  agriculture  include  herbicide  and  insecti- 
cide use  and  the  effects  of  changing  land-use  prac- 
tices— including  increased  grazing,  increased  irri- 
gation, and  the  change  to  no-till  or  minimum-till 
cultivation.  Forest  management  and  silvaculture 
also  include  the  use  of  insecticides  and  herbicides, 
and  pulp  and  paper  production  has  secondary 
effluent  wastes  that  can  be  hazardous  to  aquatic 
organisms. 

Pollutants  associated  with  energy  resource  de- 
velopment will  become  increasingly  important  as 
the  United  States  strives  toward  energy  inde- 
pendence. Coal  mining,  combustion,  gasification 
and  liquifaction,  and  mineral  mining  represent  the 
largest  potential  contaminant  problems  on  a  na- 
tional scale.  Heavy  metals  in  waste  water  from 
solution  mining  of  uranium,  brine  wastes  from 
petroleum  wells,  toxic  drilling  fluids,  and  oil  seep- 
age are  all  important  regional  problems. 

Of  major  concern  is  the  disposal  of  domestic 


and  industrial  wastes.  The  chlorination  and  fluori- 
dation of  municipal  water  supplies  create  poten- 
tially hazardous  chemicals  such  as  the  trihalo- 
methanes,  which  contaminate  municipal  water 
supplies.  Disposal  of  municipal  sludge  (now 
occurring  in  some  national  forests)  also  poses  a 
contaminant  problem  because  of  its  heavy-metal 
content.  Industrial  pollutants  enter  streams  from 
plant  discharges  and  leakages  from  disposal  areas. 
Research  initiated  by  the  Field  Research  Sta- 
tions included  studies  on  toxicant  effects,  surveys 
of  contaminants,  and  research  to  develop  biologi- 
cal or  biochemical  indicators  of  contaminant  ef- 
fects in  the  field.  For  example,  one  of  the  stations 
is  studying  striped  bass  from  four  North  Atlantic 
drainages  that  are  subject  to  varying  types  and 
concentrations  of  contaminants.  These  studies 
will  correlate  collagen  content  and  integrity  of 
striped  bass  backbones  with  tissue  residues,  a  cor- 
relation shown  to  exist  in  laboratory  toxicological 
studies. 


PATUXENT  WILDLIFE  RESEARCH 
CENTER 

Evaluation  of  Environmental  Contaminants  of 
the  Future.  New  funding  in  late  fiscal  year  1977  in- 
creased consideration  of  the  problems  of  the 
future:  effects  on  wildlife  of  chemicals  from  min- 
ing and  smelting,  coal  conversion,  oil  transport 
and  oil  spills,  and  effects  of  new  chemicals  used  in 
forest,  range,  and  agricultural  insect  control.  In 
fiscal  year  1978,  about  two-thirds  of  the  research 
effort  took  a  new  direction,  with  the  rest  devoted 
to  problems  associated  with  hard  pesticides  still  in 
use  or  being  phased  out,  where  current  evaluations 
are  needed  for  decision  making.  The  principal 
effort  is  in  population  ecology,  where  the  objec- 
tives are  to  predict  and  verify  the  effects  of  envi- 
ronmental contaminants  on  population  size, 
trends,  distribution,  and  on  habitat  use.  The  sec- 
ond effort  is  in  physiology  and  behavior,  where 
the  objectives  are  to  predict  and  verify  the  effects 
of  environmental  change  on  life  processes  perti- 
nent to  survival,  reproduction,  and  behavior  in  the 
field. 

Ecological  studies  were  conducted  in  nine 
States,  and  seven  cooperative  research  projects 
were  initiated  with  Cooperative  Wildlife  Research 
Units,  universities,  or  State  Conservation  Depart- 
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merits.  These  studies  included  research  to  measure 
the  relationships  between  bald  eagles  and  contami- 
nants in  the  Klamath  Basin  in  southern  Oregon 
and  northern  California,  the  possible  impact  of 
lead  shot  on  bald  eagles  in  Minnesota,  the  poten- 
tial effects  of  synthetic  pyrethroid  insecticides  on 
wildlife  in  Iowa,  the  interactions  of  nutritional 
factors  with  contaminants,  the  relationships  be- 
tween herbicide  use  and  small  bird  populations  in 
Oregon,  the  food  chain  source  of  contaminants  in 
endangered  bats  in  Missouri,  and  the  effects  of 
pollutants  on  egg  quality. 

Ecological  research  of  Service  personnel  was 
based  from  field  stations  on  the  Gulf  Coast,  in  the 
Pacific  Northwest,  and  in  the  Rocky  Mountain 
area,  as  well  as  from  the  headquarters  station  in 
the  Atlantic  Coastal  area.  A  field  team  worked  on 
contaminant  problems  in  Lake  Michigan,  and 
joint  studies  with  the  Canadian  Wildlife  Service 
dealt  with  problems  in  Lake  Michigan  and  Lake 
Erie. 

Brain  Cholinesterase  Recovers  at  Same  Rate 
from  Single  or  Multiple  Doses  of  Insecticide.  The 
newer  insecticides,  most  of  which  are  organophos- 
phates,  act  primarily  by  inhibiting  an  enzyme, 
cholinesterase,  in  the  brain.  In  studying  effects  of 
these  chemicals  on  body  functions,  it  is  important 
to  know  how  rapidly  inhibition  occurs  and  how 
long  it  lasts.  Experiments  were  performed  with 
young  mallards  treated  with  dicrotophos 
(=  Bidrin)  to  obtain  data  needed  for  later  be- 
havioral studies.  Some  groups  received  single 
doses,  and  others  received  the  chemical  in  the  diet 
over  a  14-day  period.  Some  were  challenged  with 
second  doses  after  recovering  from  the  first. 

Inhibition  in  the  brain  reached  a  maximum  in 
about  4  hours  after  a  single  dose.  With  dietary 
dosage,  the  maximum  occurred  in  3  days  and  re- 
mained level  for  the  remaining  1 1  days  of  treat- 
ment. The  amount  of  inhibition  caused  by  a  single 
dose  of  2.4  mg/kg  was  equal  to  that  caused  by  die- 
tary intake  of  16  ppm.  Neither  was  lethal. 

The  rate  of  recovery,  i.e.,  the  rate  of  regenera- 
tion of  cholinesterase,  was  the  same  whether  the 
birds  received  one  dose  or  dietary  dosage,  and  was 
the  same  after  second  exposures  as  after  the  first. 
This  conclusion  will  be  tested  with  other  chemi- 
cals. If  it  holds  true,  it  will  permit  better  interpre- 
tation of  findings  in  the  field  and  will  allow  simple 
dosage  procedures  to  be  used  in  experimental 
work. 

Parathion  kills  Young  and  Adult  Laughing 
Culls.  Sudden  heavy  mortality  struck  a  colony  of 


laughing  gulls  under  study  on  nesting  islands  in 
Nueces  Bay  near  Corpus  Christi,  Texas.  On  June 
28,  1978,  over  100  adults  died  in  and  near  cotton 
fields  that  had  been  sprayed  with  parathion  on 
that  day  and  the  day  before.  On  the  nesting  is- 
lands, about  2  miles  away,  116  dead  chicks  were 
found. 

In  all  of  the  nine  dead  adults  that  were  ana- 
lyzed, cholinesterase  in  the  brain  was  inhibited  by 
55-89% — enough  to  account  for  death.  In  addi- 
tion, parathion  was  recovered  from  their  gastroin- 
testinal tracts  and  identified  by  mass  spectros- 
copy. In  five  of  the  nine  dead  young  analyzed, 
inhibition  of  brain  cholinesterase  ranged  from  33 
to  78%,  and  parathion  was  also  present.  The  other 
four  apparently  starved  because  their  parents 
died.  It  was  estimated  that  33%  of  all  the  young  in 
the  colony  died.  The  total  mortality  of  adults 
could  not  be  judged,  because  many  of  the  dead 
adults  were  probably  not  located. 

This  is  believed  to  be  the  first  recorded  instance 
of  an  organophosphate  insecticide  killing  young 
by  means  of  insects  carried  to  the  young  by  the 
parents. 

Attwater's  Prairie  Chickens  Have  Low  Pesti- 
cide Residues.  This  rare  bird  exists  only  as  a  few 
scattered  populations  primarily  on  a  refuge  sur- 
rounded by  farm-  or  range-land  of  the  Texas 
Coastal  Plain.  There  are  only  about  125  of  the 
birds  on  the  Attwater  Prairie  Chicken  National 
Wildlife  Refuge  established  for  them.  Because 
mortality  from  pesticides  occurred  in  the  past  on 
treated  cropland,  a  survey  of  pesticide  use  near  the 
Refuge  was  made  in  1978.  The  pesticides  used 
were  the  fungicide  captan;  the  insecticides  mala- 
thion,  methoxychlor,  and  carbaryl;  and  the  herbi- 
cides propanil  and  picloram.  All  of  these  pesti- 
cides have  little  or  no  toxicity  for  birds,  especially 
at  the  relatively  low  levels  encountered  in  the  field. 
The  prairie  chickens  were  thus  not  exposed  to  any 
real  pesticide  hazard  in  1978. 

A  few  salvaged  prairie  chickens  were  obtained 
for  analysis,  and  a  series  of  bobwhite  quail  were 
collected  from  prairie  chicken  habitat  for  a  study 
of  residues  in  a  related  bird  with  similar  food 
habits.  No  residues  of  organochlorine  pesticides 
or  PCB's  were  found  in  the  quail.  The  salvaged 
prairie  chickens,  found  in  different  areas  in  dif- 
ferent years,  had  only  low  levels  of  DDE — usually 
under  1  ppm  and  never  much  higher. 

Pesticides  are  apparently  not  a  problem  for  this 
rare  species  at  most  times  and  places.  Most  prairie 
chickens    found    dead    have   been    hit    by   auto- 
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mobiles.  Flooding  of  nests,  which  occurs  in  some 
years,  is  the  major  reproductive  problem. 

Birds  Killed  by  Fenthion.  Dead  birds  have  been 
reported  in  several  regions  of  the  United  States 
from  areas  sprayed  with  the  insecticide  fenthion 
(=  Baytex)  for  mosquito  control.  These  reports 
stimulated  a  field  study  of  the  effects  of  fenthion 
on  breeding  birds  near  Laramie,  Wyoming.  Field 
work  was  conducted  in  plots  within  about  100,000 
acres  of  irrigated  meadow  habitat  that  was  aerially 
sprayed  in  June  1978  with  0.05  pound  of  fenthion 
in  1  or  2  quarts  of  water  per  acre. 

Effects  were  not  uniform  throughout  the 
sprayed  area.  Few  or  no  dead  animals  were  found 
at  three  locations,  but  96  dead  birds  of  eight 
species  were  found  at  a  fourth  site.  A  few  dead 
mammals  were  also  found  there.  Inhibition  of 
brain  cholinesterase  (ChE)  in  dead  birds  ranged 
from  66  to  97%,  which  indicated  that  death  was 
due  to  poisoning  by  a  cholinesterase  inhibitor  such 
as  fenthion.  (ChE  inhibition  greater  than  50%,  in 
birds  found  dead,  is  considered  diagnostic  of 
death  from  a  ChE  inhibitor.)  Several  sick  birds 
showing  severe  signs  of  poisoning  were  collected. 
ChE  inhibition  in  these  birds  was  in  the  same 
range  as  that  in  birds  found  dead.  Numbers  of  live 
birds  counted  on  transects  in  the  area  of  high  mor- 
tality were  significantly  depressed  for  3  weeks 
after  spraying.  Numbers  also  decreased  in  three 
other  study  areas,  although  the  changes  were  not 
statistically  significant. 

In  an  area  where  few  dead  birds  were  found,  a 
number  of  red-winged  blackbirds,  Savannah 
sparrows,  and  Wilson's  phalaropes  (the  three 
most  common  breeding  birds)  were  collected  to 
measure  brain  ChE  activity  in  apparent  survivors. 
The  highest  brain  ChE  inhibition  in  the  three 
species  occurred  2  days  after  the  area  had  been 
sprayed.  It  averaged  from  50.4%  in  phalaropes  to 
74.9%  in  Savannah  sparrows.  Whether  these  birds 
would  have  lived  or  died  is  an  open  question.  By 
15  days  after  spraying,  inhibition  ranged  from  5% 
in  Savannah  sparrows  to  24%  in  phalaropes. 
About  half  of  all  birds  that  were  alive  when  col- 
lected had  brain  ChE  inhibition  of  20%  or  more, 
indicating  exposure  to  the  insecticide.  Ten  percent 
had  ChE  inhibition  within  the  range  of  that  in  the 
birds  found  dead. 

Heavy  Nickel  Contamination  Has  Little  Effect 
on  Mallard  Reproduction.  Waterfowl  food  plants 
growing  in  streams  polluted  with  metals  can  con- 
centrate nickel  by  20,000  times  and  have  been 
known  to  contain  as  much  as  690  ppm.  To  deter- 


mine the  extent  of  the  danger  to  waterfowl,  we 
gave  adult  mallards  nickel  in  the  diet  for  90  days 
through  the  breeding  season.  Different  groups 
were  given  0,  12'/:,  50,  200,  or  800  ppm  in  the 
form  of  nickel  sulfate.  Many  aspects  of  health  and 
reproduction  were  measured.  Chemical  and 
physiological  results  cannot  yet  be  reported,  but 
all  other  data  suggest  that  there  were  few  effects. 
Birds  on  the  two  highest  dosages  ate  slightly  more 
than  the  others,  and  birds  on  the  highest  dosage 
produced  black,  tarry  feces.  The  higher  food  in- 
take was  not  reflected,  however,  in  body  weights 
or  in  ratios  of  organ  weights.  Eggshells  were  nor- 
mal. Production  and  hatchability  did  not  differ 
significantly  among  groups,  and  weights  and  sur- 
vival of  young  were  good  in  all  groups.  Relatively 
high  concentrations  of  nickel  sulfate  are  ap- 
parently tolerated  by  mallards. 

Mallard  Reproduction  Unaffected  by  Low  Die- 
tary Dosage  of  PCB.  A  dietary  dosage  of  25  ppm 
Aroclor  1254  was  fed  to  penned  mallards  for  one 
season.  Eggs  were  left  with  the  parents  to  be  incu- 
bated naturally.  The  goal  was  to  determine 
whether  PCB  interfered  with  incubation  behavior 
and  thereby  reduced  reproductive  success.  The 
treatment  had  no  effect  on  the  number  of  ducks 
laying,  date  of  first  egg  laid,  or  clutch  size.  Incu- 
bation behavior  remained  normal;  hatchability  of 
incubated  eggs  was  actually  greater  among  Aro- 
clor-treated  birds  (70%)  than  among  controls 
(49%).  The  Aroclor  may  have  brought  males  into 
reproductive  condition  earlier  than  usual,  because 
only  12%  of  the  eggs  of  treated  birds  were  infertile 
as  compared  with  27%  for  eggs  of  control  birds. 
Hatchability  of  fertile  eggs  was  nearly  the  same 
for  treated  and  control  birds. 

Heptachlor  Affects  Canada  Geese  and  Other 
Birds  in  the  Columbia  Basin.  Die-offs  of  Canada 
geese  and  ring-necked  pheasants  were  reported  in 
1977  on  the  Umatilla  National  Wildlife  Refuge, 
which  lies  along  the  Columbia  River  in  Washing- 
ton and  Oregon.  Brains  of  the  pheasants,  a  golden 
eagle,  and  a  magpie  contained  levels  of  heptachlor 
epoxide  that  are  diagnostic  of  death.  Heptachlor  is 
used  as  a  seed  treatment  on  wheat,  some  of  which 
is  spilled  on  the  surface  of  the  ground  and  eaten  by 
birds. 

Lethal  levels  of  heptachlor  epoxide  were  found 
in  the  brains  of  five  of  six  resident  Canada  geese 
found  dead  on  the  Refuge  in  1978.  Residues  in  the 
sixth  goose  were  just  below  the  known  lethal  level. 
Although  we  have  no  firm  estimates,  we  believe 
that   several   hundred   resident   geese  died    from 
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Successful  nest  of  Canada  geese  on  the  McNary  Recreation  Area,  Washington,  which  served  as  a  control  area  in 
heptachlor  studies.  More  than  90%  of  the  nests  produced  young,  in  contrast  to  only  51%  at  the  Umatilla  National 
Wildlife  Refuge,  where  eggs  contained  high  residues  of  heptachlor  epoxide.  Heptachlor  is  still  used  for  seed  treat- 
ments in  that  area.  Photo  by  Larry  J.  Blus. 


heptachlor  poisoning. 

Reproductive  success  of  geese  on  the  Refuge 
was  much  poorer  than  that  of  geese  on  the  Mc- 
Nary Recreation  Area  in  Washington.  High  con- 
centrations of  heptachlor  epoxide  were  found  in 
most  eggs  from  Umatilla,  whereas  few  eggs  from 
McNary  contained  detectable  amounts.  Repro- 
ductive success  of  geese  was  apparently  impaired 
by  high  levels  of  heptachlor  epoxide. 

Wildlife  Mortality  High  in  Texas  Oil  Pits.  A 
survey  was  made  of  wildlife  mortality  at  petro- 
chemical and  oil  field  petroleum  pits  in  southeast 
Texas  in  1977-78.  The  pits  contained  a  variety  of 
oil  wastes,  ranging  from  crude  oils  to  refined  oils, 
sludge,  tar,  chemicals,  and  metals.  The  heaviest 
mortality  occurred  in  pools  of  styrene  tar  that  had 
seeped  to  the  surface  of  large,  insufficiently 
covered  pits.  Found  at  one  pit  site  were  316  dead 


or  dying  birds  (including  95  killdeers  and  104 
other  plovers  and  sandpipers),  as  well  as  38  mam- 
mals, 15  reptiles,  and  10  amphibians.  Ducks,  espe- 
cially lesser  scaups,  were  found  primarily  in  large, 
open  oil  and  sludge  pits.  Animals  were  rarely 
found  in  the  numerous  small,  tank-battery  spillage 
pits  in  the  oil  fields.  Renovation  of  large,  open  re- 
finery pits  began  in  1976  under  Texas  oil-pit  clos- 
ing orders.  Much  of  the  material  from  these  pits 
was  recycled  into  creosote,  harrowed  into  soil  for 
biodegradation,  or  burned  by  smokeless  in- 
cineration. 

Pollutant  Levels  High  in  Eggs  of  Fish-eating 
Birds  of  Fake  Michigan.  Eggs  of  fish-eating  birds 
in  Lake  Michigan  (including  Green  Bay)  contained 
high  levels  of  environmental  contaminants  in 
1977.  Herring  gulls  topped  the  list;  their  eggs  con- 
tained an  average  of  102  ppm  of  PCB's,  33  ppm  of 
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DDE,  and  0.44  ppm  of  dieldrin.  Averages  for  eggs 
of  black-crowned  night  herons  were  84  ppm  of 
PCB's,  15  ppm  of  DDE,  and  0.35  ppm  of  dieldrin. 
The  average  concentrations  of  contaminants  in  the 
eggs  of  red-breasted  mergansers  were  25  ppm  of 
PCB's,  8.1  ppm  of  DDE,  and  0.85  ppm  of  diel- 
drin. Eggs  of  double-crested  cormorants  and  com- 
mon terns  also  had  substantial  amounts  of  pollu- 
tants. Chemicals  found  in  the  eggs  of  some  species 
included  heptachlor  epoxide,  chlordane  isomers, 
toxaphene,  mirex,  hexachlorobenzene,  and  poly- 
brominated  biphenyls. 

Eggshells  were  7.9%  thinner  in  red-breasted 
merganser  eggs  collected  in  1977  than  in  museum 
eggs  collected  before  the  days  of  DDT.  DDE  is  be- 
lieved to  be  the  cause  of  thin  shells.  Shell  thickness 
of  the  mergansers  has  improved  since  1975,  when 
shells  were  17.7%  thinner  than  those  in  museums 
and  DDE  levels  were  about  twice  as  high  as  in 
1977. 

This  work  was  performed  in  cooperation  with 
personnel  of  the  University  of  Wisconsin  and  the 
Wisconsin  Department  of  Natural  Resources. 

Endrin  Far  More  Toxic  than  Toxaphene  to 
Frogs.  Experiments  with  adult  leopard  frogs  indi- 
cated that  endrin  is  about  40  times  more  toxic  than 
toxaphene.  The  amount  in  water  that  killed  half  of 
the  frogs  in  a  period  of  96  hours  was  0.013  ppm 
for  endrin  and  about  0.54  ppm  for  toxaphene. 
These  figures  are  based  on  continuous-flow 
aquatic  toxicity  tests  and  are  believed  to  be  more 
reliable  than  previously  published  data  for  am- 
phibians. 

Accumulation  of  Methoxychlor  Low  in  Toads. 
American  toads  were  exposed  to  methoxychlor,  a 
biodegradable  relative  of  DDT,  for  periods  as 
long  as  36  days.  One  group  was  exposed  through 
contaminated  food,  and  another  group  received 
the  pesticide  in  the  water  supply.  The  group  fed 
mealworms  contaminated  by  methoxychlor  had 
residues  averaging  only  about  0.2  times  the  levels 
in  the  diet.  Those  exposed  in  water  had  residues 
averaging  3.2  times  the  amounts  in  the  water,  but 
levels  of  residues  did  not  change  with  time,  indi- 
cating that  an  equilibrium  had  been  reached.  Resi- 
due concentrations  were  higher  in  males  than  in 
females.  No  ill  effects  of  exposure  were  observed. 

Toxic  Residues  Low  in  Eggs  of  Green  and 
Loggerhead  Turtles  from  Florida.  Sizable  series  of 
eggs  of  green  and  loggerhead  turtles  were  obtained 
from  Merritt  Island  National  Wildlife  Refuge  in 
Florida.  Green  turtles  are  mainly  herbivorous; 
loggerheads  are  mainly  carnivorous  and  therefore 


would  be  expected  to  have  higher  residues.  Analy- 
sis revealed,  however,  that  none  of  the  eggs  con- 
tained significant  residues.  The  highest  concentra- 
tion found  was  0.2  ppm  of  DDE.  Several  other 
pesticides  and  PCB's  were  found,  but  at  much 
lower  concentrations.  The  levels  were  so  low  that 
no  adverse  effects  would  be  expected.  How  the 
eggs  of  carnivorous  marine  turtles  from  Florida 
can  be  so  clean  is  a  mystery. 

Behavior  Tests  Sensitive  Indicators  of  Organo- 
phosphate  Levels  in  Bobwhites.  Azodrin  in 
diets  of  bobwhites  at  levels  as  low  as  0.0067  to 
0.02  ppm  impaired  learning  ability  in  operant  con- 
ditioning tests  (tests  that  measure  an  animal's 
ability  to  learn  and  relearn).  Loss  of  motor  con- 
trol prevented  the  testing  of  diet  dosages  above  0.5 
ppm.  At  0.18  and  0.5  ppm,  effects  were  irre- 
versible. Azodrin  is  a  highly  toxic  organophos- 
phate  chemical,  with  a  5-day  LC50  (the  dietary 
dosage  estimated  to  kill  half  the  quail  in  5  days)  of 
2.4  ppm.  The  impairment  of  learning  began  when 
exposure  was  well  below  the  lethal  levels. 

Although  operant  tests  require  only  a  few  birds, 
the  testing  period  may  be  long,  often  requiring 
months.  Birds  are  trained  to  peck  at  lighted  trans- 
lucent keys  to  receive  food  rewards.  They  must 
distinguish  between  two  patterns,  such  as  vertical 
black  stripes  on  one  key  versus  horizontal  black 
stripes  on  the  other.  The  position  of  the  patterns  is 
changed  in  random  sequence.  When  a  bird  has 
learned  which  pattern  brings  the  reward,  as  evi- 
denced by  18  correct  choices  out  of  20  consecutive 
tries,  the  correct  pattern  is  changed,  and  the  bird 
must  relearn.  In  both  of  these  processes,  records 
are  kept  of  the  number  of  errors  made  before 
learning  or  relearning  is  achieved.  In  a  test  of  a 
single  dosage  of  a  chemical,  four  birds  receive  low 
concentrations  of  a  toxicant  in  the  diet  and  four 
controls  receive  untreated  food.  Different  dosage 
levels  require  new  groups  of  birds.  Comparisons 
of  error  scores  showed  that  the  performance  of 
dosed  birds  was  significantly  poorer  than  that  of 
controls  in  this  study,  as  well  as  in  previous  studies 
with  endrin  and  toxaphene. 

Study  Begun  on  Effects  of  Diazinon  on  Bob- 
white  Reproduction.  Although  organophosphate 
insecticides  are  relatively  short-lived,  some  are 
highly  toxic.  Attention  has  been  focused,  there- 
fore, on  their  lethal  action.  Efforts  are  now  being 
made  to  study  their  effects  on  behavior  and  repro- 
duction. Diazinon,  a  chemical  of  fairly  high 
toxicity  to  birds,  is  being  studied  in  bobwhites, 
with  particular  attention  to  breeding  success  and 
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cholinesterase  inhibition.  The  latter  gives  a  good 
measurement  of  one  major  effect  of  the  organo- 
phosphates. 

Birds  were  given  dietary  dosages  of  0,  10,  40,  or 
160  ppm  for  3  weeks  during  the  breeding  period. 
Some  groups  received  the  dosage  continuously. 
Other  groups  received  the  same  dosages,  but  at  de- 
clining levels,  so  that  they  were  receiving  only  half 
as  much  after  15  days — a  simulation  of  natural  re- 
duction of  residues  in  the  wild.  Data  are  now 
available  for  the  portions  of  the  study  dealing  with 
egg  production  and  inhibition  of  cholinesterase  in 
blood  plasma. 

In  the  groups  receiving  10  or  40  ppm  production 
of  eggs  was  as  good  as  that  of  controls,  but  pro- 
duction in  the  group  receiving  160  ppm  was 
sharply  depressed.  Whereas  controls  averaged 
12.9  eggs  in  3  weeks,  birds  that  received  160  ppm 
averaged  only  2.3  on  the  constant  dosage  and  3.3 
on  the  declining  dosage. 

Plasma  cholinesterase  responded  more  sensi- 
tively than  egg  production.  It  declined  strongly  in 
the  10-ppm  group  and  declined  still  further  in  the 
40-ppm  group.  However,  it  was  about  the  same  in 
the  40-  and  160-ppm  groups.  Inhibition  was  most 
severe  in  the  1st  week;  it  gradually  recovered  while 
birds  were  on  dosage  but  was  still  well  below  con- 
trol levels  after  3  weeks  of  exposure. 

It  seems  clear  that  cholinesterase  inhibition  did 
not  correlate  well  with  egg  production  and  cannot 
be  used  as  a  good  index  of  reproductive  condition. 
It  is  also  apparent  that  high  concentrations  of 
diazinon  interfere  with  quail  reproduction  but  that 
low  levels  do  not. 

Earthworms  Accumulate  Dangerous  Amounts 
of  Cadmium  from  Certain  Sludge-treated  Soils. 
One  of  the  best  uses  of  sludge  is  to  fertilize  fields, 
but  some  sludges  carry  potentially  dangerous 
amounts  of  metals.  Cadmium  is  of  special  con- 
cern, and  regulatory  limits  have  been  set  on 
amounts  that  are  allowable  in  soil.  The  present 
study  indicated  that  even  these  allowable  amounts 
may  create  dangerous  residues  in  earthworms, 
which  are  eaten  by  many  other  animals. 

Worms  were  collected  from  48  plots  at  four  sites 
in  southern  Pennsylvania,  all  of  which  had  re- 
ceived sludge  for  at  least  5  years.  Worms  from 
treated  sites  contained  3  to  32  times  as  much  cad- 
mium as  those  from  untreated  sites.  Residues  were 
10%  higher  in  limed  soils  than  in  unlimed  soils. 
Amounts  in  worms  were  highly  correlated  with  the 
amounts  in  soils,  but  the  amounts  were  14  to  66 
times  higher  in  worms  than  in  the  soils. 


Worms  from  two  of  the  sites  had  at  least  100 
ppm  of  cadmium  (dry  weight  basis).  Some  refer- 
ences indicate  that  this  much  cadmium  in  the  diet 
would  be  harmless,  but  numerous  other  studies  re- 
port a  variety  of  ill  effects  at  concentrations  well 
below  100  ppm.  It  is  safe  to  conclude  that  worms 
containing  the  higher  amounts  of  cadmium  would 
be  hazardous  to  the  more  susceptible  species  of 
animals  that  feed  heavily  on  earthworms. 

Swainson's  Hawks  Nesting  Beyond  DDT  Spray 
Area  Show  Residue  Buildup.  Emergency  use  of 
DDT  for  tussock  moth  control  was  cleared  by  the 
Environmental  Protection  Agency  in  1974.  During 
June  and  July  1974,  426,000  acres  of  forest  in 
northeastern  Oregon,  southeastern  Washington, 
and  adjacent  Idaho  were  sprayed  with  0.75  pound 
DDT  per  acre.  Detailed  studies  were  made  of 
several  raptors  of  the  area,  and  in  1976  a  special 
effort  was  made  to  collect  eggs  of  Swainson's 
hawks. 

Since  Swainson's  hawks  do  not  nest  in  forests, 
no  eggs  were  available  from  the  sprayed  area. 
Eggs  collected  within  14  to  27  km  of  the  spray 
area  contained  a  mean  of  5.55  ppm  (wet  weight) 
DDE.  Each  egg  also  contained  either  DDT  or 
DDD.  Eggs  collected  80  km  or  more  away  from 
the  spray  area  contained  a  mean  of  1 .28  ppm  DDE 
but  had  no  detectable  levels  of  DDD  or  DDT.  The 
4.3-fold  greater  amount  of  DDE  near  the  sprayed 
area,  combined  with  the  presence  of  the  parent 
DDT,  strongly  suggests  that  the  increased  residues 
resulted  from  the  1974  DDT  application. 

Shells  of  eggs  collected  near  the  spray  area  were 
1 1.4%  thinner  than  those  of  eggs  collected  before 
1947,  whereas  those  of  eges  from  greater  distances 
were  only  3.5%  thinner  than  normal.  However, 
the  residues  were  not  high  enough  to  affect  repro- 
ductive success. 

Reproduction  in  Screech  Owls  Unaffected  by 
Low-level  Dietary  PCB.  Aroclor  1248  was  fed  to 
screech  owls  at  the  realistic  concentration  of 
3  ppm  (wet  weight)  for  2  years  to  study  its  effect 
on  reproduction  of  a  raptorial  bird.  This  particu- 
lar form  of  PCB  was  chosen  because  it  is  one  of 
the  most  active  against  reproduction  in  chickens, 
where  it  causes  reduced  egg  production,  lower 
hatchability,  and  malformations  in  chicks. 

No  effects  on  screech  owl  reproduction  were 
noted  in  the  2  years  of  work  although  several  fac- 
tors were  measured.  This  lack  of  effect  suggests 
that  the  usual  environmental  levels  of  PCB's  are 
not  likely  to  affect  reproduction  of  raptorial  birds. 
The  dosage  employed  was  well  calculated  to  make 
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Two  avocets  and  (center)  a  willet,  Texas  coast.  Heavy  in- 
dustrial development  in  the  Corpus  Christi  and  Nueces 
Bay  areas  of  Texas  may  expose  feeding  water  birds  to  a 
wide  array  of  contaminants.  Accumulation  of  heavy 
metals  and  other  chemicals  is  being  measured  in 
several  species.  Photo  by  Kirke  A.  King. 


this  determination,  for  the  residues  in  the  eggs  and 
in  the  bodies  of  the  breeders  were  at  levels  com- 
monly found  in  wild  flesh-eating  birds. 

Osprey  Nesting  Population  in  Baja  and  the  Gulf 
of  California,  Mexico.  An  estimated  774  ±  55 
pairs  (minimum)  of  ospreys  were  nesting  in  the 
Baja  and  Gulf  of  California  region  during  a  sur- 
vey conducted  from  March  24  to  April  1,  1977. 
The  actual  population  may  be  larger,  since  the 
species  tends  to  have  a  prolonged  breeding  season 
in  Mexico.  About  174  pairs  nested  along  the 
Pacific  side  of  Baja  California,  255  pairs  along  the 
gulf  side,  187  pairs  on  the  Midriff  Islands,  and  158 
pairs  in  coastal  Sonora  and  Sinaloa.  Most  (62%) 
nested  on  sea  cliffs  and  moderately  high  numbers 


Juvenile  white-faced  ibis,  Texas.  Reproductive  success 
has  improved  since  aldrin  is  no  longer  applied  to  the  rice 
fields  where  the  ibis  feed.  Photo  by  Kirke  A.  King 
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(23%)  on  cactus  in  flat  terrain;  8%  nested  on  the 
ground,  3%  in  mangroves  and  other  trees  in  the 
southern  portion  of  the  study  area,  and  4%  on 
man-made  structures. 

The  population  in  extreme  northwestern  Baja 
California,  which  was  extirpated  early  in  this  cen- 
tury (before  the  era  of  modern  pesticides),  has 
never  been  replaced.  However,  populations  imme- 
diately to  the  south  along  the  Pacific  Coast 
(Scammons  Lagoon,  Natividad  Island,  and 
Cedros  Island)  appear  to  have  been  stable  over  the 
last  25  years.  Pesticide  residues  were  present  in 
osprey  eggs  from  Mexico,  but  concentrations  were 
among  the  lowest  reported  for  the  species  in  North 
America. 

Although  substantial  numbers  of  ospreys  re- 
main in  Baja  California  and  the  Gulf  of  Cali- 
fornia, the  loss  of  the  population  in  the  extreme 
northwest  portion  of  Baja  California  carries  a 
warning  that  ospreys  require  protection  if  they  are 
to  be  maintained  as  a  part  of  the  fauna  of  the  re- 
gion. It  is  known  from  experience  in  other  parts  of 
the  species'  range  that  man  and  ospreys  can  sur- 
vive together.  In  Chesapeake  Bay  (which  has  the 
largest  osprey  population  in  North  America) 
about  two-thirds  of  the  birds  nest  on  man-made 
structures — some  near  human  dwellings. 

Offspring  of  Captive  Bald  Eagles  Increase  Wild 
Populations.  The  bald  eagles  of  the  captive  breed- 
ing colony  at  the  Patuxent  Wildlife  Research  Cen- 
ter regularly  lay  a  second  clutch  of  eggs  if  the  first 
clutch  is  removed.  The  first  clutch  is  artificially 
incubated  and  the  young  are  reared  by  hand;  the 
parents  rear  the  young  of  the  second  clutch.  Thus 
the  number  of  young  available  for  restocking  is 
substantially  increased.  In  1978  this  procedure  re- 
sulted in  the  production  of  seven  young  from  three 
pairs  that  bred. 

Four  young  that  were  reared  by  their  parents 
until  they  were  8  weeks  old  were  sent  to  New 
York.  There,  the  State  Department  of  Environ- 
mental Conservation  released  them  at  the  Monte- 
zuma National  Wildlife  Refuge  by  means  of  the 
falconer's  technique  of  hacking.  One  of  the  three 
eaglets  reared  by  hand  for  3  weeks  was  placed  in 
the  only  known  active  eagle  nest  in  the  State  of 
New  York,  in  place  of  a  nonviable  egg.  The  adults 
shifted  from  incubation  to  feeding  and  brooding 
and  succeeded  in  fledging  the  young.  The  other 
two  3-week-old  eaglets  were  placed  in  an  active 
nest  in  Virginia,  where  they  were  cared  for  by  the 
adults  and  are  believed  to  have  fledged  success- 
fully. 


Residues  of  DDE  Increase  Effects  of  Food 
Shortage  on  Bird  Reproduction.  Field  studies  with 
brown  pelicans  in  the  Gulf  of  California  suggested 
that  reproductive  success  was  reduced  when  birds 
that  carried  body  burdens  of  DDE  underwent 
periods  of  food  scarcity.  This  hypothesis  was 
tested  in  a  series  of  experiments  with  ringed  turtle 
doves.  Birds  were  fed  100  ppm  DDE  for  3  weeks 
to  build  up  residues.  Later,  after  uncontaminated 
feed  was  restored  to  them,  performance  was 
studied.  Equal  numbers  of  clean  birds  and  DDE 
birds  were  tested.  Success  was  compared  for 
groups  of  birds  on  full  feed  and  for  groups  receiv- 
ing 90,  80,  and  70%  of  the  normal  diet. 

Food  restriction  itself  decreased  the  number  of 
pairs  that  attempted  to  breed  and  also  reduced  the 
success  of  those  that  tried.  But  the  results  were 
about  twice  as  severe  when  food  restrictions  were 
applied  to  birds  that  carried  DDE  burdens.  In  one 
series  of  trials,  birds  that  had  been  fed  DDE  laid 
only  41%  as  many  eggs  as  did  clean  birds.  The 
doves  that  carried  DDE  also  lost  more  weight  than 
did  control  doves  fed  the  same  amounts  of  food. 
A  considerable  part  of  this  weight  loss  was  from 
muscle,  not  simply  from  fat — which  indicates  that 
mobilization  of  DDE  caused  catabolism  of  pro- 
teinaceous  tissues.  Analysis  of  the  birds  after  the 
tests  revealed  that  their  DDE  burdens  varied 
widely  but  averaged  around  70  ppm,  wet  weight. 
Such  concentrations  occur  in  heavily  contami- 
nated populations  in  the  wild. 

Organochlorines  Depress  Neurotransmitters  in 
Brains  of  Ringed  Turtle  Doves.  Two  of  the  most 
important  neurotransmitters  (chemicals  in  the 
brain  that  mediate  behavior)  are  norepinephrine 
and  dopamine.  A  test  was  conducted  to  determine 
whether  common  organochlorine  pollutants 
change  the  level  of  these  chemicals  in  the  brains  of 
ringed  turtle  doves.  Birds  were  fed  diets  contain- 
ing 0,  2,  20,  or  200  ppm  of  DDE;  1,  4,  or  16  ppm 
of  dieldrin;  or  1,  10,  or  100  ppm  of  Aroclor  1254 
(a  PCB  mixture). 

All  of  the  treated  diets  depressed  both  norepine- 
phrine and  dopamine.  The  depression  became 
greater  as  the  level  of  contaminant  in  the  diet 
increased. 

More  work  is  required  to  determine  whether 
other  species  of  birds  are  similarly  affected  and 
whether  the  depression  of  neurotransmitters  influ- 
ences reproductive  behavior. 

Ferrets  Not  Killed  by  Secondary  Poisoning  with 
Zinc  Phosphide.  There  are  fears  that  black-footed 
ferrets,    an    exceedingly    rare   species,    might    be 
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poisoned  by  eating  prairie  dogs  killed  by  zinc 
phosphide,  a  rodenticide.  This  possibility  was 
tested  by  killing  rats  with  the  chemical  and  feeding 
them  to  Siberian  ferrets,  which  closely  resemble 
black-footed  ferrets.  All  of  the  ferrets  ate  the  rats, 
but  none  died.  Instead,  they  seemed  to  regurgitate 
the  entrails  of  the  poisoned  rats.  This  reaction  has 
been  reported  for  other  nonrodent  mammals  given 
zinc  phosphide.  The  protective  emesis  un- 
doubtedly reduces  the  potential  hazard  of  second- 
ary poisoning  of  mustelids  by  this  chemical. 

Anticoagulant  Rodenticides  Differ  Sharply  in 
Secondary  Poisoning  of  Barn  Owls.  An  Executive 
Order  restricts  the  use  of  poisons  that  may  kill  ani- 
mals that  eat  directly  poisoned  ones.  Conse- 
quently, the  anticoagulant  rodenticides,  most  of 
which  are  new,  are  being  tested  to  determine 
which  ones  are  most  likely  to  cause  this  secondary 
poisoning.  In  a  cooperative  study  conducted  by 
the  Patuxent  Wildlife  Research  Center  and  the 
Hawaii  substation  of  the  Denver  Wildlife  Re- 
search Center,  a  series  of  tests  was  made  with  barn 
owls  that  were  bred  in  the  Patuxent  colony.  Six 
anticoagulants  were  compared:  fumarin,  diphaci- 
none,  chlorphacinone,  difenacoum,  LM-637,  and 
PP-581.  For  10  days  rats  were  given  feed  treated 
with  low  concentrations  of  one  of  the  six  chemi- 
cals, but  at  the  same  time  they  had  their  choice  of 
clean  food,  as  in  the  wild.  Rats  that  died  were  fed 
to  the  owls  for  1,  3,  6,  or  10  days.  Six  owls  were 
used  to  test  each  chemical.  Amounts  eaten  were 
recorded,  coagulation  times  of  the  blood  were 
measured,  and  all  birds  were  necropsied  to  search 
for  internal  hemorrhages. 

Fumarin,  diphacinone,  and  chlorphacinone 
caused  no  mortality  among  the  barn  owls.  Difena- 
coum caused  no  deaths  but  did  cause  hemorrhages 
in  three  birds  (severe  in  one).  LM-637  killed  one 
owl.  PP-581  was  the  most  dangerous:  it  killed  five 
of  the  six  test  birds.  It  is  clear  that  these  chemicals 
differ  widely  in  their  ability  to  cause  secondary 
poisoning  of  raptorial  birds. 

Resistance  to  Pesticides  Increases  with  Age  in 
Young  Birds.  One  of  the  questions  related  to  test- 
ing chemicals  on  young  birds  concerns  the  need 
for  using  birds  of  standardized  ages.  (Testing  is 
simpler  and  more  economical  if  birds  of  various 
ages  can  be  used.)  It  is  acknowledged  that  sensi- 
tivity usually — but  not  always — declines  with  age. 
There  is  also  debate  about  the  effect  of  an  age  dif- 
ference of  1  or  2  weeks.  New  light  was  thrown  on 
the  question  by  tests  of  nine  chemicals  with  Japa- 
nese quail  chicks.  The  standard  5-day  dietary  dos- 


age system  was  used.  This  system  gives  the  short- 
term  LC50,  the  median  lethal  dose. 

For  every  chemical  tested,  the  amount  required 
to  kill  a  chick  increased  from  1  week  of  age  to  2 
weeks,  and  again  to  3  weeks.  The  rise  in  the  LC50 
from  week  1  to  week  3  was  often  large  and  impor- 
tant: from  74  to  155  ppm  (109%)  for  prophos; 
from  355  to  786  ppm  (121%)  for  aldicarb;  from 
1,237  to  1,746  ppm  (41%)  for  dicofol;  and  from 
51  to  109  ppm  (1 14%)  for  Ceresan  M.  Differences 
were  only  a  little  less  for  the  five  other  chemicals. 
These  results  definitely  indicate  that  birds  of  the 
same  age  should  always  be  tested  when  lethal  die- 
tary toxicities  are  to  be  compared. 

Bats  Exceed  Other  Mammals  in  Accumulation 
of  Lead  Near  Highway.  Levels  of  lead  were  deter- 
mined for  small  mammals  living  near  the  heavily 
traveled  Baltimore-Washington  Parkway. 
Meadow  voles,  white-footed  mice,  and  short- 
tailed  shrews  were  taken  from  land  along  the 
Parkway.  Big  brown  bats  and  little  brown  bats 
were  captured  in  a  barn  0.6  km  northwest  of  the 
Parkway. 

Bodies  of  male  big  brown  bats,  female  big 
brown  bats,  and  female  little  brown  bats  con- 
tained 47,  32,  and  17  ppm  (wet  weight)  of  lead,  re- 
spectively. Residues  were  also  high  in  shrews  (26 
ppm),  but  were  considerably  lower  in  voles  and 
mice.  Carnivorous  mammals  were  apparently  ac- 
cumulating much  more  lead  than  herbivorous 
ones. 

Stomach  contents  were  also  analyzed.  The  esti- 
mated dosages  of  lead  received  by  little  brown 
bats,  shrews,  and  voles  equaled  or  exceeded  levels 
that  have  been  reported  to  cause  mortality  or  re- 
productive impairment  in  domestic  mammals. 
Furthermore,  lead  concentrations  in  the  bats  and 
shrews  equaled  or  exceeded  those  found  in  voles 
and  mice  that  were  collected  at  old  mine  sites  in 
Wales,  and  which  had  lead-induced  inclusions  in 
the  kidneys  or  edema  of  the  kidneys. 

Endangered  Gray  Bats  Continue  to  Die  of  Diel- 
drin;  Heptachlor  Adds  to  the  Problem.  In  each  of 
3  years,  dead  gray  bats  (an  endangered  species) 
were  found  beneath  one  of  the  three  principal 
maternity  roosts  of  this  species  in  the  area  of  the 
proposed  Meramec  Park  Lake,  Missouri;  74  were 
found  dead  at  the  same  roost  on  July  8,  1977,  and 
103  in  July  1978. 

Analyses  of  bats  from  both  1976  and  1977  re- 
vealed lethal  levels  of  dieldrin  in  the  brains  of 
some  individuals.  Investigators  believe  that  bats 
obtained  this  dieldrin  by  eating  flying  insects  pro- 
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duced  in  cornfields  treated  with  the  parent  com- 
pound, aldrin.  Aldrin  was  banned  by  the  Environ- 
mental Protection  Agency  in  1974.  Unfortunately, 
however,  dieldrin  residues  in  gray  bats  did  not  de- 
crease by  1978.  When  heptachlor  replaced  aldrin 
for  use  in  corn,  residues  of  heptachlor  imme- 
diately began  to  increase  in  gray  bats  while  diel- 
drin residues  remained  high.  The  predicament  of 
the  gray  bat  appears  to  be  worsening. 

Embryotoxic  Components  of  Crude  Oil  Identi- 
fied. Crude  oils  that  contained  the  highest  levels  of 
aromatic  hydrocarbons  proved  to  be  the  most 
toxic  to  embryos  exposed  by  surface  applications 
to  eggshells.  The  aliphatic  hydrocarbon  fractions 
were  virtually  nontoxic.  Additions  of  specific 
classes  of  compounds  to  aromatic  mixtures 
showed  that  tetracyclic  (or  greater)  compounds 
significantly  increased  the  toxicity  of  the  mixture, 
killing  embryos,  stunting  growth,  and  producing 
abnormalities.  Additions  of  vanadium  or  nickel 
aromatic-porphyrin  compounds  to  crude  oil  also 
increased  the  detrimental  effects,  as  was  shown 
earlier  for  mercury.  These  metals  occur  as  compo- 
nents of  some  types  of  crude  oil. 

Petroleum  Hydrocarbons  Accumulate  in  Bird 
Tissues.  Claims  that  birds  did  not  absorb  petro- 
leum from  their  digestive  tracts  and  so  were  in  no 
hazard  from  petroleum,  except  as  a  result  of 
feather  oiling,  were  tested  in  a  series  of  experi- 
mental and  field  studies. 

Chemical  analysis  of  environmental  contami- 
nants in  warm-blooded  animals  is  greatly  compli- 
cated by  the  production  of  metabolites,  whose 
identity  may  not  even  be  known.  Analysis  for 
petroleum  hydrocarbons  is  especially  difficult  be- 
cause hundreds  of  different  compounds  make  up 
the  mixture  known  as  petroleum.  Furthermore, 
certain  hydrocarbons  occur  naturally  in  the  ani- 
mal body  and  may  be  difficult  to  distinguish. 
These  difficulties  were  overcome  in  a  series  of 
chemical  studies. 

Finally,  in  1978,  concentrations  of  petroleum 
hydrocarbons  were  measured  in  mallard  ducks 
that  had  been  fed  four  dosages  of  South  Louisiana 
crude  oil.  Fifty-five  specific  saturated  and  aro- 
matic oil  hydrocarbons  were  identified  and  quan- 
tified. Total  oil  saturates,  total  oil  aromatics,  and 
total  oil  hydrocarbons  were  also  measured.  There 
was  a  clear  relationship  between  levels  of  oil  in  the 
diet  and  the  concentrations  accumulated  in  the  tis- 
sues, showing  that  petroleum  hydrocarbons  fol- 
lowed patterns  similar  to  those  of  other  environ- 
mental  contaminants.   The  data  also   suggested 


metabolic  change  of  some  of  the  components. 

After  the  development  of  this  methodology, 
petroleum  components  were  measured  in  tissues 
of  four  birds  that  were  killed  in  the  Amoco  Cadiz 
oil  spill  on  the  coast  of  France:  common  cor- 
morant, herring  gull,  razorbill,  and  common 
murre. 

The  methodology,  however,  is  still  so  complex 
that  it  permits  analysis  of  only  a  small  number  of 
critical  samples  and  not  large-scale  environmental 
surveillance  of  low-level  exposure. 


* 


Laughing  gulls  carrying  nest  material,  Matagorda  Bay, 
Texas.  Birds  were  trapped  on  their  nests  and  small 
quantities  of  oil  were  applied  to  their  breast  feathers  to 
determine  the  effects  on  hatching  success  of  the  eggs 
they  incubated.  Birds  usually  washed  and  preened  the 
oil  from  their  feathers  before  returning  to  their  nests. 
Nevertheless,  enough  oil  remained  to  cause  some  mor- 
tality: after  5  days  of  incubation  dead  embryos  were 
found  in  41%  of  the  oil-treated  group  compared  with 
only  2%  in  the  control  group.  Photo  by  Kirke  A.  King. 


Embryos  Killed  by  Oil  Droplets  Carried  to  Eggs 
by  Parent  Birds.  Early  experiments  with  oil 
showed  that  mallard  and  eider  duck  embryos  were 
killed  by  minute  traces  of  crude  oil  applied  to  their 
eggs  in  early  stages  of  development.  In  1977,  re- 
sults were  duplicated  in  field  experiments  with  five 
species  of  birds:  common  eider,  great  black- 
backed  gull,  laughing  gull,  Louisiana  heron,  and 
Sandwich  tern.  Oil  was  applied  directly  to  the 
eggs,  which  the  parents  continued  to  incubate. 

In  1978,  the  chain  of  evidence  was  essentially 
completed  by  two  sets  of  experiments  in  which  oil 
on  the  feathers  of  the  parent  birds  was  transferred 
to  the  eggs.  In  the  first  experiment,  the  water 
baths  of  nesting  captive  mallards  received  100  ml 
of  crude  oil  per  square  meter  of  water  surface  for 
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2  days  early  in  incubation,  after  which  the  baths 
were  cleaned  and  provided  with  fresh  water.  Oil 
was  visible  on  the  plumage  of  both  hens  and 
drakes  and  on  the  eggs  of  10  of  18  pairs  of  exposed 
birds. 

Only  47%  of  the  eggs  of  the  oil-exposed  ducks 
hatched,  compared  with  96%  for  the  controls. 
Other  pairs  that  were  exposed  to  a  smaller  amount 
of  oil  (5  ml  per  square  meter)  hatched  80%  of 
their  eggs — a  lower  percentage  than  that  of  the 
controls  but  not  different  statistically.  Although 
oil  was  not  visible  on  the  eggs  at  the  lower  level  of 
exposure,  it  was  recovered  chemically  from  the 
shell  surfaces. 

In  the  second  set  of  experiments,  conducted  in 
the  field  in  Texas,  a  small  amount  (2.5  ml)  of 
No.  2  fuel  oil  was  applied  to  the  breast  feathers  of 
42  laughing  gulls  trapped  at  nest  sites  early  in  the 
breeding  season;  water  was  applied  to  20  controls. 
Dead  embryos  were  found  in  41%  of  the  eggs  in 
nests  of  oiled  birds  compared  with  2%  in  nests  of 
control  birds. 

Oil  spills  commonly  result  in  mortality  of  adult 


birds  through  feather  oiling.  The  present  experi- 
ments demonstrated  that  egg  oiling,  by  reducing 
hatching  success  of  local  populations,  may  well  be 
a  serious  secondary  hazard  of  oil  spills. 

Weathering  Reduces  Toxicity  of  Oil  to  Eggs. 
Toxicities  of  both  Prudhoe  Bay  crude  oil  and 
No.  2  fuel  oil  were  significantly  reduced  by 
weathering.  The  toxicity  of  Prudhoe  Bay  oil  de- 
creased significantly  after  3  weeks  of  weathering 
and  that  of  fuel  oil  after  1  week.  In  one  set  of  tests 
made  with  59  lots  of  50  mallard  eggs  each,  oil  was 
weathered  by  exposure  of  a  5%  mixture  in  water 
in  open  steel  troughs  for  10  days,  both  indoors 
and  out.  Hatching  generally  remained  poorer  for 
oil-treated  eggs  than  for  controls.  Hatching  suc- 
cess of  eggs  treated  with  different  amounts  of 
No.  2  fuel  oil  on  the  8th  day  of  incubation  was  as 
follows:  fresh  oil — 64%  (1  microliter),  42% 
(5  microliters),  12%  (10  microliters),  0  (20  or  50 
microliters);  oil  weathered  outdoors — 78% 
(1  microliter),  46%  (5  microliters),  42% 
(10  microliters),  24%  (20  microliters),  0  (50  micro- 
liters). 


Coastal  and  Anadromous  Fish 


LA  CROSSE  NATIONAL  FISHERY 
RESEARCH  LABORATORY 

Registrations  and  Classifications  of  Fishery 
Compounds.  The  National  Fishery  Research 
Laboratory  attempted  to  clarify  the  status  of 
several  compounds  and  to  determine  what  studies, 
if  any,  are  needed  to  establish  labels  for  fishery 
use.  The  Environmental  Protection  Agency  (EPA) 
responded  to  our  official  request  by  stating  that 
rhodamine  B  and  fluorescein  sodium  dyes  do  not 
require  registration  when  used  to  determine  water 
flows,  distribution  patterns,  and  dilution  rates  for 
applying  fish  toxicants.  In  addition,  potassium 
permanganate  was  cleared  for  use  as  an  oxidizing 
agent  to  alleviate  oxygen  depletion  and  to  termi- 
nate the  piscicidal  activity  of  rotenone  and  an- 
timycin. 

The  Fish  and  Wildlife  Service  requested  a  ruling 


from  the  Food  and  Drug  Administration  (FDA) 
regarding  the  registration  status  of  sodium  bicar- 
bonate, carbon  dioxide,  and  acetic  acid.  These 
chemicals  are  "generally  recognized  as  safe"  when 
used  in  accordance  with  good  manufacturing  or 
feeding  practice  as  feed  additives.  They  are  freely 
available  on  the  market  not  only  for  feed,  but  as 
general  chemical  reagents.  They  are  used  in  fish 
culture  and  research  for  various  therapeutic  pur- 
poses, but  no  claims  are  made  as  to  their  ef- 
fectiveness. 

Chemical  Screening  for  Selective  Control 
Agents.  The  National  Fishery  Research  Labora- 
tory, by  request  from  the  Utah  Cooperative 
Fishery  Research  Unit,  initiated  a  screening  pro- 
gram for  a  possible  selective  toxicant  to  be  used 
against  Utah  chubs  in  some  western  reservoirs. 
The  Utah  chub  is  a  direct  competitor  of  the  rain- 
bow trout.  Thirteen  chemical  control  agents  were 
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Chemist  operating  atomic  absorption  spectrophotometer  as  part  of  project  to  increase  salmon  returns  by  improving 
the  health  and  quality  of  the  smolts  released.  Photo  by  William  T.  Yasutake. 


screened  against  Utah  chubs  and  rainbow  trout, 
but  none  showed  sufficient  selectivity  to  safely 
control  chubs  without  causing  significant  losses  of 
rainbow  trout. 


SEATTLE  NATIONAL  FISHERIES 
RESEARCH  CENTER 

Over  the  past  several  fiscal  years  the  program  at 
the  Seattle  National  Fisheries  Research  Center  has 
been  broadening  from  a  hatchery  research  orienta- 
tion to  one  that  examines  all  factors  that  limit  the 
survival  of  fish.  This  change  is  reflected  in  the  fol- 
lowing restatement  of  the  mission  of  the  Center: 
To  identify  and  quantify  factors  limiting  the  distri- 
bution and  abundance  of  fish  populations  in  fresh- 
water and  estuarine  environments  of  the  western 
U.S.  (west  of  the  Continental  Divide,  including 
Alaska  and  Hawaii)  and  the  Pacific  Trust  Terri- 


tories, and  the  development  of  methods  to  increase 

efficiency   in   the   use  of  artificially   propagated 

juveniles    to    supplement    populations    of    ana- 

dromous  fishes. 

Standard  Stress-Physiological  Characteristics  of 
Rainbow  Trout  Strains.  This  study,  conducted  in 
cooperation  with  the  Service's  Fish  Genetics 
Laboratory,  is  directed  toward  the  development  of 
standardized  test  procedures  to  determine  the 
ability  of  fish  to  withstand  temperature  stress, 
crowding,  and  oxygen  depletion. 

Laboratory  tests  of  the  ability  of  coho  salmon 
and  rainbow  and  steelhead  trout  to  respond  ade- 
quately to  adrenalin  showed  that  marked  differ- 
ences occur  among  strains. 

Physiological  characterization  will  assist  in  the 
selective  breeding  program  to  produce  trout  that 
meet  specific  management  needs. 

Stress  Mitigation  for  Smolt  Hauling.  Key  ele- 
ments of  information  needed  to  reduce  the  stress 
imposed  by  procedures  for  transporting  smolts 
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were  identified.  Efforts  were  concentrated  on 
hypermagnesemia  and  hyperkalemia  as  a  function 
of  scale  loss,  and  on  the  amount  of  recovery  time 
in  fresh  water  required  before  the  fish  can  be 
safely  transferred  to  sea  water.  Coho  salmon  were 
able  to  maintain  homeostasis,  in  terms  of  blood 
electrolytes,  if  scale  loss  was  12%  or  less  and  the 
water  in  which  the  fish  were  transported  was 
maintained  at  10  parts  per  thousand  sea  water. 

Identification  of  Hatchery  Practices  that  Di- 
minish Saltwater  Tolerance  or  Preference  Among 
Smolts  of  Pacific  Salmon.  We  used  smolts  of 
steelhead  trout  and  coho  salmon  to  test  10  medica- 
tion protocols  for  possible  adverse  side  effects.  At 
0,  1,2,  4,  8,  and  16  days  after  treatment,  samples 
of  smolts  were  placed  in  full-strength  sea  water 
and  mortality  was  observed  for  10  days.  Posttreat- 
ment  mortality  ranged  from  10  to  80%  above 
control  levels  when  the  fish  were  transferred 
directly  into  salt  water  at  a  salinity  of  28  parts  per 
thousand. 

Mortality  thereafter  was  usually  inversely  pro- 
portional to  the  time  lapse  between  medication 
and  exposure  to  salt  water.  On  the  basis  of  mor- 
tality alone,  impairment  of  saltwater  tolerance 
lasted  for  at  least  1  week.  Additional  damage  to 
migration  behavior  and  preference  for  salt  water 
may  have  occurred,  and  the  effects  could  persist 
for  a  longer  period. 

Salmonid  smolts  apparently  are  easily  damaged 
by  medicines.  When  stressed  with  otherwise  ac- 
ceptable levels  of  medication,  smolts  reverted 
from  a  high  to  a  low  salinity  tolerance — which 
may  also  extend  to  saltwater  preference.  Recovery 
of  gross  survival  is  possible  if  the  fish  are  given 
adequate  time  before  entering  the  ocean.  How- 
ever, it  is  not  clear  what  physiological  systems  are 
attacked  by  the  medicines. 

These  results  clearly  demonstrate  the  need  for 
alternative  methods  of  disease  management 
among  smolts.  In  some  circumstances  medication 
may  be  highly  counter-productive,  and  the  ulti- 
mate effect  may  not  be  evident  in  fresh  water. 
Likewise,  other  environmental  stresses  may  re- 
press "successful"  smolt  production,  both  in 
hatcheries  and  in  streams. 

Bacterial  Kidney  Disease.  In  rainbow  trout  or 
chinook  salmon,  bacterial  kidney  disease  can  be 
transmitted  through  the  eggs  to  the  progeny.  This 
transmission  occurs  even  when  the  adult  fish  have 
only  a  subclinical  infection,  and  show  no  overt 
signs  of  disease.  Iodophor  treatment  of  the  eggs 
did  not  prevent  transmission  of  the  pathogen. 


Alaska  IHN  Virus.  Injections  of  follicle  stimu- 
lating hormone  into  spawning  adult  carriers  of  in- 
fectious hematopoietic  necrosis  (IHN)  virus  re- 
duced the  amount  of  virus  produced  by  1,000- 
fold.  Half  of  the  female  sockeye  salmon  tested 
after  they  spawned  had  IHN  virus  in  their  blood, 
indicating  an  acute  infection  in  the  adults. 


to,      ^ 

Viral  inclusions  (arrows)  of  piscine  erythrocytic  necrosis 
in  red  blood  cells  of  salmonids.  Magnified  2700  X.  Photo 
by  John  Ft.  MacMillan. 


PEN  Virus  in  Salmon  and  Herring.  Most  popu- 
lations of  chum  salmon  in  the  Puget  Sound  area 
were  found  to  be  infected  with  the  virus  of  piscine 
erythrocytic  necrosis  (PEN).  The  incidence  of  the 
disease  was  high  in  some  Pacific  herring  popula- 
tions. The  virus  can  be  experimentally  transmitted 
to  almost  all  salmon  and  trout  species,  but  has 
been  found  naturally  only  in  pink  and  chum  sal- 
mon. Fish  infected  with  PEN  are  2'/z  times  more 
sensitive  than  healthy  fish  to  a  common  bacterial 
disease  (vibriosis)  and,  when  subjected  to  low  oxy- 
gen levels,  died  at  much  higher  dissolved  oxygen 
concentrations  than  those  lethal  to  uninfected 
fish. 

Holding  Density  Versus  Disease  Susceptibility. 
In  studies  of  the  effects  of  fish-holding  density  on 
susceptibility  to  disease,  triplicated  results  with 
rainbow  trout  indicated  that  increasing  loading 
densities  from  0.5  to  4  pounds  per  cubic  foot  sig- 
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nificantly  increased  susceptibility  to  a  standard 
Type  I  Vibrio  anguil/arum  challenge.  Challenges 
were  carried  out  in  brackish  water  (Cl~  =  20  parts 
per  thousand),  at  temperatures  of  14.5°  to  7°  C. 
As  the  temperature  decreased,  the  average  time  to 
death  increased. 

Genetic  Studies  of  Freshwater  Fishes  on  Na- 
tional Petroleum  Reserve  Number  Four,  Alaska. 
Populations  of  least  cisco  and  Arctic  grayling  were 
surveyed  by  enzyme  electrophoresis  to  determine 


whether  genetic  differences  exist  between  popula- 
tions in  the  waters  of  National  Petroleum  Reserve 
Number  Four.  Three  enzyme  systems  in  the  least 
cisco  and  two  in  the  grayling  were  found  to  be 
polymorphic.  Variation  between  populations  of 
least  cisco  was  not  statistically  significant.  How- 
ever, one  population  of  grayling  was  determined 
to  be  unique  for  one  enzyme  system.  Both  species 
exhibited  a  high  degree  of  apparent  selection  for 
either  the  homozygotes  or  the  heterozygotes. 


Endangered  Species 


NATIONAL  FISH  AND 
WILDLIFE  LABORATORY 

Mexican  Duck  Study.  This  study  was  designed 
to  assess  in  detail  the  geographic  variation  in  char- 
acteristics of  ducks  in  the  Mexican  portion  of  the 
intergrade  zone  between  the  common  mallard  and 
the  Mexican  duck.  Ninety-nine  specimens  were 
taken  between  Lake  Chapala,  Jalisco,  and  the 
United  States-Chihuahua  border.  These  specimens 
have  been  scored  according  to  a  hybrid  index  de- 
veloped by  John  Hubbard  of  the  New  Mexico  De- 
partment of  Game  and  Fish. 

Mexican  ducks  compose  most  of  the  population 
at  the  southernmost  collecting  sites,  and  mallard 
characteristics  become  progressively  more  com- 
mon toward  the  north. 

Data  were  taken  on  the  weights,  breeding  biol- 
ogy, food  habits,  and  parasites  of  the  specimens. 

Vertebrates  of  the  World.  The  Laboratory  has 
recently  completed  a  first  draft  of  a  complete 
taxonomic  list  of  all  vertebrate  species  in  the 
world.  More  than  37,000  species  are  arranged 
phylogenetically  and  alphabetically  in  a  computer 
printout.  The  preliminary  listing  is  being  dis- 
tributed to  specialists  in  systematics  for  comment 
and  review.  In  addition  to  its  significance  to  the 
taxonomic  community,  the  list  will  be  useful  to 
those  responsible  for  regulatory  control  over 
trafficking  in  wildlife,  because  it  provides  the 
latest  taxonomic  placement  and  correct  nomencla- 
ture for  the  world's  vertebrate  fauna.  The  list  was 
prepared  at  the  request  of  the  Taxonomic  Com- 


mittee of  the  Convention  on  International  Trade 
in  Endangered  Species  of  Wild  Fauna  and  Flora, 
and  has  met  with  nearly  unanimous  approval  from 
the  scientific  community.  As  specialist  input  is  re- 
ceived, the  list  will  be  updated  and  refined. 

Kirtland's  Warbler  Presented  to  the  U.S.  Na- 
tional Museum  of  Natural  History.  In  January 
1978  the  body  of  the  only  banded  Kirtland's  warb- 
ler ever  found  outside  of  Michigan  was  presented 
to  the  Laboratory  by  the  Assistant  Area  Manager 
for  Wildlife,  East  Lansing,  Michigan.  Kirtland's 
warbler  is  listed  as  an  endangered  species  by  the 
U.S.  Fish  and  Wildlife  Service.  This  bird  died 
when  it  flew  into  a  windowpane  in  Cincinnati, 
Ohio;  it  was  taken  to  the  Cincinnati  Museum  of 
Natural  History,  where  the  partially  decomposed 
body  was  preserved.  The  Service  subsequently  pre- 
sented the  specimen  to  the  U.S.  National  Museum 
of  Natural  History.  Other  than  an  immature 
female,  this  specimen  is  the  only  Kirtland's  warb- 
ler in  fall  plumage  at  the  National  Museum. 


DENVER  WILDLIFE  RESEARCH  CENTER 

Status  of  Peregrine  Falcons  in  Baja  California, 
Mexico.  The  peregrine  falcon  survey  initiated  in 
1976  was  completed  in  1978.  The  islands  and 
peninsular  sea  cliffs  in  the  Gulf  of  California  were 
surveyed  in  1978  from  the  midriff  section  to  near 
the  southern  end  of  the  Baja  California  peninsula. 
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A  portion  of  the  rugged  Mexican  coastline  along  the 
Gulf  of  California.  Such  areas  were  searched  for  nesting 
peregrine  falcons  during  a  3-year  study  of  the  pere- 
grine's population  and  reproductive  health  in  Baja  Cali- 
fornia. Photo  by  M.  Alan  Jenkins. 


Two  winter-plumaged  Bonaparte's  gulls  on  the  Gulf  of 
California,  Mexico.  This  gull  and  other  species  of  marine 
birds  and  fish  bats  are  important  parts  of  the  diet  of  the 
peregrine  falcon  in  this  area.  Analyses  of  chlorinated 
hydrocarbon  pesticide  and  heavy  metal  residues  are 
being  carried  out  to  determine  the  level  of  pollution  in 
the  food  base  of  peregrines  in  the  Gulf.  Photo  by  M.  Alan 
Jenkins. 


A  total  of  44  pairs  of  peregrines  were  located  in 
the  3  years  of  study.  If  several  historic  and  prob- 
able sites  that  were  not  checked  were  added,  the 
number  of  active  pairs  would  probably  approach 
50.  Peregrine  falcon  populations  in  the  Gulf  of 
California,  unlike  other  North  American  popula- 
tions, apparently  have  not  declined  appreciably 
during  the  past  several  decades,  judging  from  the 
historical  data  available. 

The  Gulf  peregrines  prey  on  at  least  25  species 
of  birds  and  at  least  2  species  of  bats.  They  rely 
heavily  on  warblers  that  migrate  across  the  Gulf. 
Eared  grebes,  Craveri's  murrelets,  least  and  black 
storm-petrels,  Bonaparte's  and  Heermann's  gulls, 
northern  phalaropes,  and  fish  bats  are  other  prin- 
cipal food  species. 

Samples  of  breast  muscle  tissue  were  taken  from 
seven  species  of  avian  prey  and  the  fish  bat  for 
pesticide  and  heavy  metal  determinations.  Results 
of  these  analyses  should  give  a  clearer  picture  of 
the  future  reproductive  health  of  peregrines  in  the 
Gulf  of  California.  Inasmuch  as  fragments  of  egg- 
shells from  two  successful  eyries  were  of  normal 
thickness,  the  Baja  population  appears  to  be  re- 
productively  healthy,  and  neither  the  peregrine 
nor  its  prey  appears  to  be  highly  contaminated 
with  pesticides.  This  indication  is  confirmed  by 
normal  productivity,  which  exceeds  two  young  per 
pair  at  successful  sites.  However,  not  all  sites  are 
successful  at  producing  young,  and  the  ratio  of 
successful  to  unsuccessful  pairs  was  not  deter- 
mined in  this  study. 


PATUXENT  WILDLIFE  RESEARCH  CENTER 

Breeding  of  Captive  Black-footed  Ferrets.  Arti- 
ficial insemination  developed  for  use  with  a 
female  black-footed  ferret  was  not  required  dur- 
ing the  1978  breeding  season  because  this  female 
never  entered  estrus,  despite  hormonal  therapy. 
Another  female,  however,  reached  full  estrus  on 
April  1 1  and  was  placed  with  a  male  for  3  consecu- 
tive nights.  Pre-  and  post-copulatory  behavior 
were  observed  each  night  and  a  few  sperm  were 
present  on  the  vaginal  smear  obtained  after  breed- 
ing occurred. 

After  a  42-day  gestation  period,  we  decided  that 
a  caesarian  should  be  performed  on  this  female  to 
prevent  the  birth  of  stillborn  young  as  in  previous 
years.  Caesarian  techniques  used  with  captive 
mustelids  are  similar  to  those  used  on  the  domestic 
cat.  Although  only  one  of  the  numerous  births 
that  have  occurred  at  Patuxent  required  a 
caesarian,  this  surgery  was  performed  successfully 
on  several  experimental  European  ferrets.  After  a 
midline  incision  and  retraction  of  the  uterine 
horns,  neonatal  European  ferrets  were  success- 
fully obtained  and  subsequently  placed  on  surro- 
gate females  to  ensure  their  safety  while  their 
natural  mothers  were  recovering  from  the  anes- 
thetic and  surgery.  Although  the  surgery  on  the 
female  black-footed  ferret  was  successful  and  she 
recovered,  she  had  a  false  pregnancy  and  con- 
tained no  young. 
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Wildlife  Research  biologists  training  observers  who  participated  in  the  Hawaii  forest  bird  surveys.  Photo  by  Mark 
Collins. 


Neoplasia  in  Black-footed  Ferrets.  Between 
1976  and  1978,  all  five  of  the  black-footed  ferrets 
maintained  at  Patuxent  developed  adenocarci- 
nomas of  sweat  or  sebaceous  glands.  Despite  in- 
tensive care  and  supportive  treatment,  two  ferrets 
died;  prognosis  for  the  three  remaining  ferrets  is 
probably  fair.  Although  viral  inclusion  bodies 
have  not  yet  been  identified  in  the  neoplastic  tis- 
sues, viral  isolation  will  be  attempted  upon  death 
of  the  remaining  ferrets.  It  should  be  noted  that 
the  husbandry  and  the  nutrition  of  these  animals 
are  similar  to  those  of  the  Eurasian  ferrets  main- 
tained in  a  separate  facility,  but  these  pathological 
conditions  have  not  been  observed  in  these  200  or 
more  surrogates.  It  is  speculated  that  the  black- 
footed  ferret  might  have  a  genetic  predisposition 
to  these  tumors,  possibly  a  result  of  inbreeding. 

Ferret  Surveys  Find  Evidence  of  Remnant 
Populations.  An  accelerated  search  for  black- 
footed  ferrets  has  produced  evidence  that  remnant 


populations  occur  in  scattered  areas  throughout 
the  northern  Great  Plains.  Personnel  of  the  Mon- 
tana Department  of  Fish  and  Game  observed  a 
ferret  on  a  prairie  dog  town  in  southeastern  Mon- 
tana in  fall  1977  and  again  in  1978.  These  observa- 
tions represent  the  first  verified  ferret  sightings  in 
Montana  since  1953.  Easements  are  being  sought 
to  protect  prairie  dog  towns  in  the  vicinity  of  the 
sightings. 

Intensive  ferret  surveys  were  conducted  on  pub- 
lic lands  in  Wyoming  before  the  lands  were  leased 
for  mineral  exploration  and  mining.  Two  black- 
footed  ferret  skulls  were  found  on  white-tailed 
prairie  dog  towns  in  the  south-central  and  south- 
western regions.  Also,  reports  of  ferret  sightings 
were  received  from  throughout  Wyoming's  prairie 
dog  range.  In  addition,  a  ferret  skull  was  found 
during  prairie  dog-ferret  surveys  in  northeastern 
Colorado. 

These  findings  have  engendered  a  more  positive 
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Camp  at  4,900  ft  (msl)  on  Mt.  Hualalai,  Hawaii,  during  the  1978  forest  bird  survey  on  the  Kona  Coast.  Photo  by  C.  B. 
Kepler. 


attitude  toward  the  ferret's  current  status  and 
have  revealed  the  need  for  more  extensive  surveys 
throughout  the  ferret's  original  range. 

Nutrition  Believed  To  Be  an  Important  Factor 
in  Regulation  of  Wolf  Populations.  Although 
social  factors  have  long  been  thought  to  have  an 
overriding  influence  in  regulation  of  wolf  popula- 
tions, a  recent  review  of  Fish  and  Wildlife  Service 
data  and  the  literature  indicates  that  food  supply 
is  much  more  important  than  was  previously 
recognized.  Both  social  and  nutritional  factors 
interact  in  wolf  populations,  with  each  factor  hav- 
ing a  different  relative  population-regulating  in- 
fluence, depending  on  whether  wolves  are  increas- 
ing or  decreasing  and  whether  food  is  abundant  or 
scarce.  This  view  implies  that  reduced  productivity 
and  outright  starvation  in  wolf  populations  will 
not  necessarily  be  prevented  by  social  factors — a 
view  consistent  with  data  available  from  the  Supe- 
rior National  Forest  study  area. 


Nutritional  and  Population  Status  Differences 
in  Wolves.  Preliminary  analyses  of  28  blood  vari- 
ables from  the  blood  of  large  samples  of  wolves 
from  northeastern  and  northwestern  Minnesota 
confirm  that  wolves  from  the  northeast  are  nutri- 
tionally inferior.  They  also  indicate  that  the  nutri- 
tional condition  of  wolves  in  the  Superior  Na- 
tional Forest  deteriorates  markedly  in  August  and 
September,  probably  as  a  result  of  the  decreased 
fawn  supply  at  that  time.  Blood  results  from  more 
intensive  analyses  will  provide  considerably  more 
information  about  the  health  and  condition  of 
both  wolf  populations. 

Wolf's  Primary  Prey  (Deer)  Limited  by 
Weather,  Hunting,  and  Predation.  An  analysis  of 
deer  productivity,  fawn  and  yearling  survival,  and 
population  trends  in  the  Superior  National  Forest 
study  area  indicates  that  the  low-density  deer  herd 
is  being  severely  limited  by  a  combination  of  fac- 
tors. Annual  production  and  survival  of  fawns  to 
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9  months  of  age  since  1974  has  been  about  10 
females  and  32  males  per  100  does.  Survival  of 
male  yearlings  to  2  years  of  age  has  been  about 
14%.  Severe  winter  weather  appears  to  be  the  pri- 
mary cause  of  low  productivity  and  survival  of 
female  fawns,  whereas  hunting  and  wolf  preda- 
tion  are  the  major  restrictive  factors  in  yearling 
male  survival.  The  net  result  is  a  stable  or  declin- 
ing herd  of  less  than  one  deer  per  square  mile  over 
an  area  of  about  2,000  square  miles. 

California  Condor  Population  Continues  to  De- 
cline. No  California  condors  are  known  to  have 
been  produced  in  1978,  and  only  one  was  reared  in 
1977.  An  average  of  6.37  hours  of  observation 
were  required  to  see  a  condor  in  1976-78;  in  com- 
parable studies  in  1970-71,  there  was  one  sighting 
every  3.37  hours.  Numbers  of  condors  per  sighting 
have  also  decreased  markedly.  In  1970-71,  55%  of 
the  sightings  involved  more  than  one  condor  and 
11%  involved  five  or  more.  In  the  current  study, 
corresponding  percentages  were  only  45  and  1 . 

Reproduction  in  Captive  Andean  Condors. 
Eight  adult  and  six  immature  Andean  condors 
were  maintained  during  the  past  year.  The  four 
breeding  pairs  produced  six  eggs,  three  of  which 
hatched.  The  hatchlings  (two  females,  one  male) 
were  successfully  reared.  The  incubation  periods 
of  these  three  eggs  were  57  (partly  artificially 
incubated),  59,  and  60  days. 

Responses  of  Cranes  to  Diets  Differ.  Whooping 
crane  chicks  reared  in  captivity  appear  to  have  an 
unusually  high  incidence  of  leg  abnormalities 
when  compared  with  their  counterparts  in  the 
wild.  These  abnormalities  are  believed  to  be  re- 
lated to  rapid  growth  occurring  during  the  1st 
month  of  life.  Studies  have  been  in  progress  with 
Florida  and  greater  sandhill  cranes  to  determine 
whether  a  diet  can  be  formulated  that  will  slow 
growth  and  reduce  or  eliminate  leg  disorders. 

In  earlier  studies,  when  chicks  of  Florida  sand- 
hill cranes  and  whooping  cranes  were  fed  the  same 
dry  rations  of  known  nutrient  composition,  only 
the  whooping  crane  chicks  developed  leg  dis- 
orders. Later  work  with  greater  sandhill  crane 
chicks  indicated  that  they  grew  about  25%  faster 
than  Florida  sandhill  crane  chicks,  and  some  of 
the  fastest  growing  chicks  developed  leg  disorders. 
Work  during  the  past  year  with  Florida  sandhill 
crane  chicks  has  confirmed  that  the  growth  of  this 
subspecies  is  much  slower  than  that  of  the  greater 
sandhill  cranes  and  that  the  Florida  chicks  do  not 
develop  leg  disorders  on  a  ration  that  appears  to 
cause  leg  abnormalities  among  some  greater  sand- 


hill crane  chicks. 

These  findings  suggest  that  cranes  of  the  north- 
ern latitudes,  such  as  greater  sandhill  cranes  and 
whooping  cranes,  are  genetically  capable  of  very 
rapid  growth  when  food  supplies  are  readily  avail- 
able. Conversely,  cranes  of  the  southern  latitudes, 
such  as  the  Florida  sandhill  crane,  appear  to  lack 
the  genetic  potential  for  growing  as  fast  as  their 
counterparts  from  the  north.  This  growth  differ- 
ence seems  logical  from  an  evolutionary  stand- 
point, since  rapid  growth  probably  offers  cranes 
of  the  southern  latitudes  no  particular  advantage 
in  a  temperate  climate  where  adequate  food  is  nor- 
mally available  for  lengthy  periods.  In  the  north- 
ern latitudes  where  the  growing  season  is  short, 
chicks  with  the  capacity  for  more  rapid  growth 
may  have  a  greater  risk  of  developing  leg  dis- 
orders. This  interpretation  could  explain  why 
whooping  crane  chicks  from  stock  that  has  be- 
come adapted  to  climatic  conditions  in  the  Far 
North  have  been  subject  to  leg  disorders  and  have 
been  more  difficult  to  raise  in  captivity  than  other 
species  of  cranes  that  breed  farther  south. 

Frozen  Semen  Used  to  Produce  Sandhill  Cranes 
at  Patuxent.  For  the  first  time  (1977-78),  artificial 
insemination  with  frozen-thawed  greater  sandhill 
crane  semen  produced  fertile  eggs  and  chicks. 
During  the  2-year  study,  5  of  27  eggs  were  fertile 
and  three  chicks  hatched.  Frozen  semen  samples 
stored  in  liquid  nitrogen  for  2  months  or  less  were 
thawed  and  used  for  insemination. 

Of  nine  pairs  of  greater  sandhill  cranes,  all  of 
which  had  produced  eggs  during  at  least  2  years 
before  this  trial,  only  six  were  productive.  The  low 
production  resulted  from  separation  of  the  birds 
in  adjoining  enclosures  to  prevent  copulation. 
Three  hens  that  were  inseminated  with  large  num- 
bers of  live  sperm  before  oviposition  laid  eight 
eggs,  five  of  which  were  fertile,  and  three  chicks 
hatched.  Recent  improvements  in  laboratory  pro- 
cedures should  yield  semen  samples  with  larger 
concentrations  of  live  sperm  after  freezing  and 
thawing,  and  greater  fertility  rates  can  be  ex- 
pected. 

Released  Masked  Bobwhites  Surviving  Well  in 
Arizona.  The  1977  release  of  900  masked  bob- 
whites  in  the  Altar  Valley  has  resulted  in  the  estab- 
lishment of  a  relatively  large,  well-distributed 
population.  Numerous  observations  were  made 
throughout  the  year  by  Fish  and  Wildlife  Service 
biologists  and  personnel  from  the  Buenos  Aires 
Ranch. 

During  August  1978,  a  minimum  of  54  calling 
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males  (21  calling  males  in  1977)  were  located.  Five 
of  the  six  birds  identified  as  to  race  were  masked 
bobwhites  and  one  was  a  Texas  bobwhite.  If  this 
ratio  is  projected  and  equal  male:  female  survival 
rates  are  assumed,  the  estimated  population  is  90 
masked  bobwhites.  This  population  is  3  times  that 
estimated  in  1977.  The  field  survey  for  calling 
males  did  not  begin  until  August  2,  and  stand- 
ardized call  routes  were  run  in  Arizona  and 
Mexico  for  10  days.  Calling  in  Arizona  peaked 
during  August  8-18  and  then  declined  rapidly. 
Thus,  many  areas  in  Arizona  where  concentra- 
tions of  bobwhites  were  suspected  were  not  sur- 
veyed until  well  after  the  peak  in  calling.  In  addi- 
tion, personnel  from  the  Buenos  Aires  Ranch  re- 
ported bobwhites  calling  in  several  areas  where  the 
surveys  revealed  none.  Therefore,  the  54  calling 
males  and  the  population  estimate  of  90  birds  are 
both  extremely  conservative  figures. 

Bell's  Vireo  Shows  Major  Decline  in  California. 
During  extensive  surveys  in  central  California  in 
1978,  Bell's  vireos  were  observed  in  only  three 
localities.  The  species  was  formerly  considered 
abundant  and  conspicuous  in  most  of  the  areas 
surveyed.  Loss  of  preferred  riparian  habitat  ac- 
counts for  part  of  the  decline,  but  much  ap- 
parently suitable  habitat  is  unoccupied.  The 
spread  of  the  nest-parasitizing  brown-headed  cow- 
bird  has  been  suggested  as  an  important  cause  of 
vireo  decline,  but  concrete  evidence  is  still  lacking. 
In  California  south  of  Los  Angeles,  Bell's  vireos 
are  rarer  than  formerly  but  are  still  locally 
common. 

Effects  of  Low-flying  Jet  Aircraft  on  Wild 
Everglade  Kites.  From  April  4  through  13,  1978,  a 
unique  10-day  experiment  on  the  effects  of  low- 
elevation  flights  by  727  jet  aircraft  on  wild  Ever- 
glade kites  was  conducted  in  the  southern  Ever- 
glades of  Florida.  The  experiment  attempted  to 
simulate  as  closely  as  possible  the  actual  levels  of 
disturbance  expected  in  the  vicinity  of  the  pro- 
posed Miami  Training  Jetport  in  northwestern 
Dade  County.  The  proposed  jetport  lies  just  2.5 
miles  east  of  a  major  nesting  colony  of  kites  on  a 
willow  island.  This  colony  served  as  the  study 
colony  for  the  experiment. 

On  5  days  in  the  experimental  period,  jet  air- 
craft flew  at  altitudes  of  about  750  feet  in  the  vi- 
cinity of  the  nesting  colony  at  frequencies  and 
noise  levels  expected  for  the  operational  airport. 
Periods  of  overflights  lasted  between  1  and  2 
hours  on  the  test  days,  and  the  frequency  of  flights 
averaged  one  flight  every  4  minutes.  On  the  other 


First  greater  sandhill  crane,  about  2  months  old,  pro- 
duced at  the  Patuxent  Wildlife  Research  Center  by  arti- 
ficial insemination  with  cryogenically  stored  semen. 
Photo  by  George  F.  Gee. 


5  days  of  the  experiment,  generally  alternate  days 
to  the  overflight  days,  there  were  no  low  passes  by 
aircraft — these  days  served  as  controls. 

At  the  time  of  the  experiment  there  were  30-40 
kites  nesting  and  roosting  on  the  willow  island  and 
about  12  active  nests.  On  all  10  days,  full  morning 
periods  of  observations  were  made  of  various  as- 
pects of  kite  behavior  and  ecology.  Observers  in 
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Forty-one  Everglade  kites  in  flight  and  two  perched  at  nesting-roosting  site  located  in  a  willow  stand  in  the  south- 
eastern corner  of  Conservation  Area  3A,  Dade  County,  Florida.  There  are  also  12  anhingas  in  flight  among  the  kites. 
Photo  by  Paul  W.  Sykes,  Jr. 


two  blinds  within  the  island  monitored  nesting 
biology,  while  those  in  two  airboats  exterior  to  the 
island  monitored  general  colony  behavior,  such  as 
feeding  rates  and  nest-building  rates.  Overall,  19 
different  quantitative  measures  of  kite  behavior 
were  followed,  and  in  none  of  these  measures  were 
there  significant  differences  between  control  and 
test  days.  Aside  from  watching  the  aircraft  on 
occasion,  the  kites  gave  no  signs  of  abnormal  be- 
havior caused  by  the  aircraft. 

Between  April  26  and  May  7  a  supplementary 
assessment  of  the  impacts  of  jet  aircraft  on  kite 
populations  was  made  in  Barranquilla,  Colombia. 
There,  a  long-standing  airport  is  situated  imme- 
diately adjacent  to  marshes  containing  Everglade 
kites.  There  were  several  kite  colonies  in  the 
marshes,  and  it  was  significant  that  the  largest  and 
most  vigorous  colony  was  located  only  400  m 
from  the  end  of  the  main  airport  runway.  The 
kites  could  not  have  nested  more  than  a  few 
meters  closer  to  the  runway,  and  there  appeared  to 
be  ample  suitable  habitat  for  them  to  have  nested 
farther  away.  They  appeared  to  be  unperturbed  by 
jet  aircraft  flying  low  overhead  and  carried  on 
what  appeared  to  be  normal  nest-building  and 
copulation  behavior  throughout  the  disturbance. 
Thirteen  pairs  were  nesting  in  the  colony,  making 
it  about  twice  the  size  of  the  next  largest  colony  in 
the  region. 

Combined,  the  overflight  experiment  in  Florida 


and  the  observations  near  the  Barranquilla, 
Colombia,  airport  strongly  suggest  that  kites  can 
easily  accommodate  to  the  noise  and  disturbance 
associated  with  low-flying  jet  aircraft.  Jetports 
have  other  impacts  than  noise  and  disturbance, 
however,  and  these  effects  were  not  assessed  in  the 
studies.  The  principal  concerns  with  regard  to  the 
proposed  Training  Jetport  in  Dade  County  are  the 
threats  of  ancillary  developments  in  areas  around 
the  jetport  and  increased  human  use  of  these 
areas. 

Everglade  Kite  Population  in  Florida  Continues 
to  Increase.  Annual  censuses  of  the  Everglade  kite 
in  Florida  have  been  conducted  since  1969.  The 
population  showed  an  increase  in  1970  but  de- 
clined significantly  after  the  drought  of  1971. 
Since  1974  the  number  of  kites  has  steadily  in- 
creased. On  the  latest  census  (November  1977), 
152  birds  were  counted.  At  that  time  the  popula- 
tion was  estimated  to  be  about  165  to  170  indi- 
viduals. The  long  breeding  season  of  1978  was 
highly  successful,  as  were  the  two  preceding  ones. 
Most  of  the  kites  and  the  nesting  in  1978  were  in 
eastern  and  southeastern  Conservation  Area  3A 
(Dade  County).  There  were  somewhat  more  than 
60  nests  in  that  area.  The  next  census  may  reveal 
more  than  200  kites  in  Florida.  The  current  popu- 
lation level  is  probably  the  highest  in  nearly  50 
years.  The  population  may  never  have  been  as  low 
as  some  workers  have  believed  but   may  have 
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dropped  to  20-25  birds  in  the  late  1950's  and  early 
1960's.  The  steady  increase  over  the  last  5  years  is 
attributed  to  favorable  water  levels  at  Lake  Okee- 
chobee, Conservation  Area  3A,  and  several  other 
localities.  Nesting  success  for  the  last  10+  years 
has  averaged  just  under  50%;  the  mean  number  of 
young  fledged  per  successful  nest  was  1.9.  If 
planned  management  procedures  can  be  imple- 
mented for  the  kite  before  the  next  severe  drought, 
we  should  be  able  to  maintain  the  population  at 
this  high  level  and  avoid  a  repetition  of  the  rapid 
decline  observed  in  1971 . 

Puerto  Rican  Parrot  Studies.  In  1978  the  status 
of  the  Puerto  Rican  parrot  was  perhaps  the  most 
encouraging  since  the  U.S.  Fish  and  Wildlife  Ser- 
vice parrot  program  began  in  1968,  and  hopes  that 
the  wild  population  may  yet  recover  appear  justi- 
fied. The  total  wild  population  of  Puerto  Rican 
parrots  increased  from  19  to  26  (maximum,  28) 
with  the  fledging  of  a  record  9  chicks  in  1978.  The 
number  of  captive  parrots  increased  by  1  to  15 
birds,  all  housed  at  the  Puerto  Rico  Field  Station 
aviary. 

Certainly  the  most  significant  event  of  the  year 
was  the  increase  in  number  of  breeding  pairs  in  the 
wild.  For  the  first  time  in  the  1 1  breeding  seasons 
since  the  start  of  the  parrot  program,  there  was  a 
gain  in  the  number  of  active  nests.  Although  the 
population  has  been  building  since  it  reached  a 
low  point  of  just  13  birds  in  1975,  it  has,  until  this 
year,  consisted  of  immature  and  nonbreeding 
birds;  in  fact,  the  number  of  breeding  pairs  had 
steadily  declined  to  only  3  pairs  during  1976  and 
1977.  In  1978  there  were  four  active  pairs,  all  of 
which  laid  eggs.  The  new  pair  adopted  a  nest  site 
they  had  been  inspecting  in  1977.  Additional  pairs 
were  observed  inspecting  new  nest  sites  during 
1978  and  could  breed  during  the  next  2  years. 

Three  of  the  nesting  pairs,  including  the  new 
pair,  were  successful  in  fledging  young.  However, 
without  emergency  treatment,  one  brood  probably 
would  not  have  fledged,  because  their  feathers  be- 
came thoroughly  matted  with  muck  that  accumu- 
lated on  the  inner  surface  of  the  nest  cavity  after  a 
leak  occurred  late  in  the  season.  After  a  scrubbing 
(and  feather  transplant  for  one  chick  that  had 
severely  damaged  feathers),  all  three  chicks 
fledged. 

One  of  the  four  nests  failed  during  the  incuba- 
tion stage.  The  female  laid  three  eggs;  two  were 
broken  in  the  nest  and  one  was  a  "runt"  egg.  All 
three  eggs  were  taken  into  the  Puerto  Rico  Field 
Station    aviary     for    artificial     incubation    and 


dummy  eggs  were  substituted  in  the  wild  nest.  One 
egg  was  too  badly  crushed  to  repair  and  the 
embryo  soon  died  from  moisture  loss;  the  other 
broken  egg  was  repaired  and  hatched.  This  chick 
was  placed  in  a  foster  nest  (its  own  nest  had  al- 
ready been  deserted  by  the  adults)  and  it  fledged 
with  its  foster  siblings.  The  runt  egg  hatched  but 
the  chick  lacked  vigor  and  soon  died.  The  pair  laid 
a  second  clutch  but  again  deserted  their  nest.  This 
renesting  attempt  is  the  second  documented  in- 
stance of  Puerto  Rican  parrots  laying  replacement 
clutches,  which  suggests  that  repeat  clutching  may 
prove  to  be  a  useful  management  tool. 

All  nesting  pairs  used  artificial  or  improved 
natural  sites,  which  were  completely  effective  in 
preventing  predation  of  parrot  nests  by  the  pearly- 
eyed  thrasher.  None  of  the  nests  was  seriously 
threatened  by  this  predator,  which  in  previous 
years  had  been  the  major  cause  of  egg  and  chick 
losses. 

For  the  first  time,  fertile  eggs  were  produced  by  a 
captive  pair  of  Puerto  Rican  parrots.  Two  of  the 
four  eggs  laid  at  the  Puerto  Rico  aviary  developed 
well  but  the  embryos  died  just  before  hatching. 
The  third  embryo  came  to  the  pipping  stage  but 
died  the  day  after  the  first  pip  was  made.  The 
fourth  egg  was  infertile. 

Yellow-shouldered  Blackbird  Studies.  For  the 
second  time  the  yellow-shouldered  blackbird  has 
been  recorded  from  Vieques  Island,  12  km  east  of 
Puerto  Rico.  A  single  bird  was  observed  there  on 
March  11,  1978.  The  only  other  known  record  of 
the  species  on  Vieques  was  a  small  flock  seen  in 
April  1974.  A  2-day  survey  of  the  Mona  Island 
yellow-shoulder  race  resulted  in  a  total  count  of 
135  blackbirds,  most  of  them  along  the  northeast- 
ern edge  of  the  island. 

Shiny  cowbird  parasitism  of  yellow-shouldered 
blackbird  nests  occurred  at  97%  of  the  nests 
examined  in  the  study  areas  in  southwestern 
Puerto  Rico.  Two  of  33  yellow-shoulder  nests 
fledged  young  there.  None  of  the  six  yellow- 
shouldered  blackbird  nests  monitored  at  Roose- 
velt Roads  Naval  Station  in  eastern  Puerto  Rico 
was  successful  in  fledging  young. 

Observations  of  color-marked  female  cowbirds 
at  yellow-shouldered  blackbird  nests  revealed  that 
multiple  parasitism  was  common.  Two  female 
cowbirds  were  seen  laying  eggs  in  the  same  black- 
bird nest,  and  two  cowbirds  were  noted  visiting 
the  same  yellow-shoulder  nest  several  times  during 
the  breeding  season.  Puncturing  of  yellow- 
shouldered  blackbird  eggs  by  female  cowbirds  was 
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observed  for  the  first  time,  confirming  the  cow- 
bird's  responsibility  for  this  type  of  egg  loss.  For- 
merly observed  only  in  cowbird  populations  in 
eastern  Puerto  Rico,  this  behavior  is  now  also  oc- 
curring in  southwestern  Puerto  Rico. 

Cowbirds  laid  more  eggs  (average,  3.3  eggs  per 
blackbird  nest)  in  yellow-shouldered  blackbird 
nests  than  did  their  hosts  (yellow-shoulders  aver- 
aged 2.3  eggs  per  nest).  Many  times  cowbirds 
parasitized  the  nests  even  before  the  blackbirds 
laid  their  eggs.  Cowbirds  are  now  using  other 
species  (e.g.,  yellow  warbler  and  greater  Antillean 
grackle)  as  hosts  more  than  in  the  past,  probably 
because  yellow-shouldered  blackbirds  have  de- 
creased in  number  and  cowbird  numbers  have 
increased. 

Studies  of  yellow-shoulder  habitat  requirements 
show  that  the  species  prefers  young  mangrove 
stands,  particularly  those  interspersed  with  open 
areas.  Habitat  management  for  the  yellow- 
shouldered  blackbird  should  include  thinning  of 
some  of  the  denser  stands  of  mangrove  and  main- 
taining nesting  areas  in  several  stages  of  develop- 
ment. 

A  satisfactory  trap  for  shiny  cowbirds  was  de- 
veloped, and  in  experimental  trapping  at  Roose- 
velt Roads,  228  cowbirds  were  caught  during 
1978.  Yellow-shouldered  blackbirds  are  not  at- 
tracted to  the  trap  and  none  have  yet  been  cap- 
tured. 

Nest  boxes  were  installed  at  Roosevelt  Roads 
and  in  southwestern  Puerto  Rico  to  test  the  ac- 
ceptability of  different  structures  to  blackbirds 
and  cowbirds  and  the  effects  of  the  structures  on 


overall  yellow-shoulder  breeding  success.  Black- 
birds have  not  used  the  boxes  at  Roosevelt  Roads, 
but  at  the  southwestern  area  they  built  nests  in 
several  of  the  boxes  (four  new  styles)  installed  in 
1978.  Yellow-shoulders  apparently  prefer  boxes 
with  a  ramp-like  entry  to  the  bottom  rather  than 
those  with  initial  drops  to  the  floor.  A  nest  box  de- 
signed to  exclude  cowbirds  has  not  yet  been  de- 
veloped; boxes  and  open  nests  of  yellow- 
shouldered  blackbirds  were  parasitized  to  the 
same  degree. 

Determination  of  a  Dosage  Schedule  for  Genta- 
mycin.  The  evaluation,  including  dosage  sched- 
ules, of  medications  for  use  on  endangered  birds  is 
generally  an  ongoing  project.  However,  the 
evaluation  of  gentamycin,  a  broad-spectrum  anti- 
biotic used  to  treat  bacterial  infections  and  to  pre- 
vent infection  in  newly  hatched  chicks  or  incubat- 
ing eggs,  was  conducted  in  three  avian  species  in 
cooperation  with  researchers  at  the  National  Zoo- 
logical Park. 

The  dosage  and  frequency  of  administration  of 
gentamycin  to  quail  and  cranes  were  determined 
on  the  basis  of  data  collected  in  this  study.  How- 
ever, a  marked  variation  in  plasma  levels  was 
noted  in  individuals  of  the  same  species  after  ad- 
ministration of  identical  doses.  Such  variations  in 
plasma  concentration  from  individual  to  indi- 
vidual, the  large  variations  in  the  half-life  of 
gentamycin  from  species  to  species,  and  the  nar- 
row range  between  toxic  and  therapeutic  genta- 
mycin levels,  combine  to  make  further  study  nec- 
essary before  the  clinical  use  of  gentamycin  will  be 
safe  and  effective. 


Great  Lakes  Fisheries 


GREAT  LAKES  FISHERY  LABORATORY 

The  Great  Lakes  Fishery  Laboratory,  Ann 
Arbor,  Michigan — which  now  includes  field  sta- 
tions at  Ashland,  Wisconsin;  Hammond  Bay, 
Michigan;  Sandusky,  Ohio;  and  Oswego,  New 
York;  and  the  research  vessels  Cisco,  Kaho,  Sisco- 
wet,  Musky  II,  and  Grayling — completed  its  50th 
year  of  fishery  research  on  the  Great  Lakes  in  fis- 


cal year  1978.  A  staff  of  over  100  professional  and 
support  personnel  addressed  a  wide  variety  of 
Great  Lakes  problems,  including  the  incomplete 
restoration  of  lake  trout  populations  in  Lakes 
Michigan  and  Superior;  the  status  of  heavily 
preyed-upon  forage  fishes  such  as  alewives  and 
smelt  in  Lakes  Michigan,  Huron,  Erie,  and  On- 
tario; the  continued  decline  of  yellow  perch  in 
Lake  Erie;  the  potentially  adverse  effects  of  fish- 
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The  Great  Lakes  Fishery  Laboratory's  new  research  vessel,  Grayling,  arrived  at  its  home  port  of  Cheboygan, 
Michigan,  in  October  1977.  It  will  operate  on  Lake  Huron,  eastern  Lake  Superior,  and  northern  Lake  Michigan.  Photo 
by  Bender  Shipbuilding  Co.,  Mobile,  Alabama. 


habitat  impairment  in  the  ecologically  important 
St.  Clair-Detroit  River  system;  the  possibility  that 
contaminants  have  lowered  the  reproductive 
capacity  of  deep-water  coregonids  (principally 
bloaters)  in  Lake  Michigan;  and  the  extent  to 
which  contaminants  in  sediments  resuspended  by 
dredging  are  absorbed  or  ingested  by  Great  Lakes 
fishes. 

A  continuing  feature  of  the  Laboratory's  pro- 
gram is  an  ever-increasing  degree  of  interagency 
and  international  coordination  and  cooperation 
on  common  problems  concerning  fishery  re- 
sources and  their  essential  habitats. 

Restoration  of  Lake  Trout  in  Lake  Superior. 
Populations  of  lake  trout,  an  important  commer- 
cial and  sport  species  in  Lake  Superior,  were 
greatly  reduced  in  the  1950's  by  intense  exploita- 
tion and  by  sea  lamprey  predation.  Partial  control 
of  the  sea  lamprey,  protective  fishery  restrictions, 
and  intense  stocking  resulted  in  a  great  increase  in 
trout  abundance  in  much  of  the  lake  by  1971. 
Present  trout  populations,  however,  are  not  only 
affected  by  large  variations  in  annual  plants  of 
hatchery-reared  fish,  but  are  subjected  to  an  ex- 


panding sport  fishery,  continued  sea  lamprey  pre- 
dation, and  increased  commercial  fishing  by  In- 
dians in  Wisconsin  and  in  Whitefish  Bay, 
Michigan. 

We  derive  various  indices  of  population  status 
and  trend  from  technical  data  obtained  annually 
by  contract  fishing,  surveys  with  research  vessels, 
and  fishery  censuses.  They  reveal  that  most  lake 
trout  stocks  in  Michigan  waters  of  Lake  Superior 
continue  to  show  general  improvement.  For 
example,  the  abundance  of  all  lake  trout  above  the 
"legal"  length  of  17  inches  increased  sharply  in 
1977  on  the  west  side  of  the  Keweenaw  Peninsula 
and  in  the  area  from  Keweenaw  Point  east  to 
Grand  Marais.  The  largest  increases  were  among 
the  largest  sizes  of  lake  trout:  29.0-  to  32.9-inch 
fish  increased  2.7-fold  and  fish  longer  than  32.9 
inches  increased  4-fold.  Abundance  of  fish  in 
these  two  size  groups  appears  to  be  substantially 
higher  than  in  any  other  inshore  area  of  U.S. 
waters. 

Prospects  for  rehabilitating  naturally  reproduc- 
ing stocks  are  also  brightened  by  increases  in  both 
the  abundance  and  proportion  of  native  fish  in 
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An  adult  lake  trout,  just  removed  from  a  gill  net  set  over- 
night in  southeastern  Lake  Michigan,  is  measured  and 
its  finclip  pattern  tallied.  Despite  massive  plantings  of 
hatchery-reared  yearlings,  the  goal  of  establishing  self- 
sustaining  populations  of  lake  trout  in  Lake  Michigan 
has  not  yet  been  achieved.  Photo  by  Neat  R.  Foster. 


most  Michigan  waters  except  Whitefish  Bay.  The 
percentage  of  native  fish  in  the  undersize  (<  17- 
inch)  portion  of  the  spring  assessment  catch  in- 
creased from  6%  in  1976  to  56%  in  1977.  Of  the 
legal-size  fish,  15%  of  those  taken  in  1977  were 
native. 

In  contrast  to  conditions  in  other  Michigan 
waters,  the  drastic  decline  of  lake  trout  that  began 
in  Whitefish  Bay  in  1975  continued.  Numerical 
abundance  in  the  spring  of  1977  was  only  7%  of 
that  in  1975  and  was  even  lower  in  the  spring  of 
1978.  Abundance  has  declined  96%  since  1974, 
and  is  the  lowest  observed  since  surveys  began 
there  in  1962.  Unless  mortality  among  the  older 
components  can  be  greatly  reduced,  the  prospect 
of  rehabilitating  the  stock  of  lake  trout  in  White- 
fish  Bay  is  virtually  nil. 

The  number  of  lake  trout  in  Wisconsin  waters 


continues  to  decline  from  levels  achieved  in  1974 
by  the  restoration  program.  Assessment  fishing 
with  gill  nets  at  14  traditional  lake  trout  spawning 
sites  in  the  Apostle  Islands  area  in  October  1977 
indicated,  for  example,  that  the  number  of 
spawners  had  further  declined  there  since  1976. 
The  average  catch  at  stations  within  the  island 
complex  was  about  one  lake  trout  in  1977  com- 
pared with  about  three  in  1976.  Abundance  in- 
creased slightly  in  1978,  but  was  still  less  than  50% 
of  that  in  1970,  and  well  below  the  9-year  (1970- 
78)  average.  Another  index  of  lake  trout  abun- 
dance, the  annual  catch  per  unit  of  effort  (CPE)  in 
the  Wisconsin  DNR's  contract  assessment  fishery, 
declined  from  367  fish  per  10,000  linear  feet  of  gill 
net  in  1970  to  153  in  1975,  182  in  1976,  and  159  in 
1977. 

Although  adult  fish  are  experiencing  heavy 
mortality  in  Wisconsin's  waters  from  a  variety  of 
causes,  lake  trout  less  than  17  inches  long  seem  to 
be  increasing  in  abundance.  Experimental  trawl- 
ing during  1978  indicated  the  presence  of  substan- 
tial numbers  of  native  yearlings,  confirming  ob- 
servations of  the  previous  fall  that  the  1977  year 
class  was  the  strongest  we  have  seen  there  since 
sampling  began  in  1965.  The  1978  catch  of  young- 
of-the-year  native  lake  trout  was  smaller  than  that 
in  1977,  but  nevertheless  surpassed  the  1974  catch 
as  the  second-highest  on  record.  Two  young-of- 
the-year  and  several  yearling  native  lake  trout 
were  caught  off  Manitou  Island  at  a  station  that 
has  not  yielded  native  juveniles  in  past  years.  One 
further  hopeful  sign  of  the  lake  trout's  return  to 
self-sustainability  is  that  even  with  the  abundance 
of  adult  lake  trout  sharply  down,  sea  lamprey 
wounding  rates  also  rema.n  low;  4.6%  of  the  fish 
showed  wounds  in  1978,  which  is  near  the  annual 
average  for  the  period  1970-78. 

Interaction  of  Alewife  and  Lake  Trout  in  Lake 
Michigan.  The  buildup  of  lake  trout  and  Pacific 
salmon  populations  in  Lake  Michigan  through 
annual  stockings  of  hatchery-reared  fish  may  be- 
come limited  by  the  availability  of  forage  fish 
(mainly  alewives).  As  part  of  a  continuing  exami- 
nation of  salmonid  predator-prey  relations  in 
Lake  Michigan,  we  have  derived  first-order  bio- 
mass  estimates  and  projections  for  alewives  and 
lake  trout. 

Point  and  interval  biomass  estimates  for  ale- 
wives, derived  from  surveys  conducted  through- 
out Lake  Michigan  each  fall  over  the  past  10 
years,  ranged  from  114,000  metric  tons  (range, 
98,000-131,000)  in  1973  to  45,000  (37,000-53,000) 
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in  1977  for  adults,  and  from  31,000  metric  tons 
(range,  19,000-42,000)  in  1974  to  3  (0-6)  in  1971 
for  young  of  the  year.  The  adult  population  has 
declined  markedly  since  1975,  and  appears  to  be 
oscillating  about  a  lower  average  level  than  be- 
fore. The  amplitude  of  the  oscillations  is  being 
dampened  to  an  unknown  extent  by  what  we  be- 
lieve to  be  increased  predation  by  lake  trout, 
Pacific  salmon,  and  other  salmonids.  Abiotic  fac- 
tors, including  two  unusually  cold  winters  in  suc- 
cession (1976-77  and  1977-78),  may  have  disturbed 
the  system  and  incresed  the  amplitude  as  reflected 
in  the  recent  decline.  If  temperatures  lower  than 
those  in  the  recent  past  become  frequent,  the  ale- 
wife  population  could  fall  below  the  average  of  re- 
cent years  because  of  the  species'  limited  tolerance 
to  low  temperature  (in  effect,  Lake  Michigan 
would  become  thermally  more  like  Lake  Superior, 
where  the  alewife  has  been  only  marginally  suc- 
cessful). 

For  lake  trout,  we  have  made  preliminary  pro- 
jections of  the  standing  stocks  of  adults  and  juve- 
niles in  Lake  Michigan  in  January  1979.  These 
projections  were  derived  from  estimates  of  the 
survival  and  of  the  mean  weights  at  successive  ages 
for  each  cohort  stocked  throughout  the  lake  since 
1965: 


Life 

Number 

Weight 

stage 

(thousands) 

(metric  tons) 

Juveniles 

2,180 

1,077 

Adults 

150 

473 

Total 

2,330 

1,550 

An  average  annual  mortality  of  50%,  derived 
from  catch  curves  of  intensive  sampling  off 
Saugatuck  in  1976-78,  was  assumed  to  be  repre- 
sentative of  Lake  Michigan's  entire  stock  of  lake 
trout.  This  assumption  is  supported  by  the  results 
of  lakewide  sampling  by  the  States  and  the 
Laboratory  during  the  same  period.  (Because  the 
assumption  of  50%  annual  mortality  for  the  total 
population  is  based  on  data  for  lake  trout  of  age  V 
or  older,  our  projections  of  the  weight  of  younger 
trout  are  too  conservative,  if  in  fact  the  loss  rate 
among  the  younger  fish  is  lower.)  Continuing 
interagency  analysis  of  available  and  forthcoming 
catch  data  should  provide  more  precise  estimates 
of  age-specific  mortality  rates. 

Our  next  step  is  to  combine  the  alewife  and 
trout  biomass  estimates  with  data  on  seasonal 
feeding  activity  and  food-conversion  efficiency  to 
determine  the  lake  trout's  rate  of  predation  on  the 
alewife,  and  its  effect. 


Measurement  of  Forage  Fish  Populations  in 
Lake  Huron.  Success  of  the  intensive  program  by 
United  States  and  Canadian  fishery  managers  to 
reestablish  self-sustaining  lake  trout  populations 
and  introduce  Pacific  and  Atlantic  salmons, 
splake,  and  other  salmonids  in  Lake  Huron  relies 
heavily  on  the  adequacy  of  the  forage  base  to  sup- 
port large  populations  of  predator  species.  Syste- 
matic sampling  with  mid-water  and  bottom  trawls 
at  permanent  index  stations  in  western  Lake 
Huron  (off  De  Tour,  Hammond  Bay,  Alpena, 
Harbor  Beach,  and  AuSable  Point)  during  1978 
provided  the  6th  year  of  base-line  data  on  the  dis- 
tribution, abundance,  and  biology  of  alewives, 
rainbow  smelt,  and  other  forage  fishes. 

In  fall  1977,  we  estimated  the  combined  pelagic 
and  demersal  standing  stocks  of  alewives  and 
smelt  to  be  in  excess  of  52,000  metric  tons  in  the 
U.S.  waters  of  Lake  Huron.  About  10%  of  the 
total  biomass  was  distributed  mid-water;  alewives 
made  up  about  40%  of  that  on  or  near  the  bot- 
tom, and  less  than  50%  of  that  in  mid-water. 

The  CPE  data  collected  during  the  1978  spring 
assessment  of  forage  fish  populations  in  Lake 
Huron  showed  a  small  decline  in  abundance  of 
adult  and  yearling  alewives.  The  decline  in  num- 
bers of  adults  reflects  expected  year-to-year  attri- 
tion of  the  weak  1974  year  class,  compounded  by 
increased  predator  pressure.  The  CPE  of  year- 
lings, like  that  of  young-of-the-year  fish  observed 
in  fall  1977,  was  relatively  high,  confirming  that 
the  1977  year  class  is  strong  and  that  the  alewife 
population  should  be  fairly  stable  for  the  next  few 
years.  Few  dead  alewives  were  noted  in  bottom- 
trawl  catches,  suggesting  that  overwinter  mortality 
was  not  unusually  heavy. 

Growth  of  alewives  in  Lake  Michigan  and  Lake 
Huron  appears  to  be  similar.  The  mean  back-cal- 
culated lengths  of  alewives  in  age  groups  I  to  VII 
were  110,  148,  165,  176,  187,  190,  and  213  mm, 
respectively.  Several  years  ago,  mean  back-calcu- 
lated lengths  for  alewives  from  Lake  Michigan  in 
the  same  age  groups  were  98,  144,  162,  172,  180, 
189,  and  196  mm.  These  results  are  surprisingly 
similar,  in  view  of  the  far  greater  densities  of  ale- 
wives in  Lake  Michigan,  and  the  potential  there 
for  growth  depression  through  intraspecific  com- 
petition for  food. 

The  substantial  increase  in  abundance  of  rain- 
bow smelt  in  Lake  Huron  in  1977  (due  primarily 
to  recruitment  of  the  strong  1975  year  class)  per- 
sisted into  1978.  The  CPE  of  adult  smelt  in  spring 
1978  was  even  larger  than  that  in  spring  1977. 
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Additional  strong  year  classes  produced  in  1976 
and  1977  should  provide  the  recruitment  necessary 
to  maintain  the  smelt  population  at  moderately 
high  levels  for  the  next  several  years. 

Other  forage  species  have  declined  noticeably 
over  the  past  several  years.  By  1978,  the  ninespine 
stickleback,  an  important  food  of  lake  trout,  had 
decreased  in  abundance  for  the  5th  consecutive 
year,  particularly  in  the  northern  part  of  the  lake 
where  trout  are  most  abundant.  The  decline  in 
abundance  of  slimy  sculpins,  as  well  as  a  decline  in 
their  average  size  at  capture,  was  also  most  pro- 
nounced in  the  northern  part  of  the  lake.  Such  re- 
ductions in  the  abundance  of  sticklebacks  and 
slimy  sculpins  could  be  a  result  of  predation  by  ex- 
panding populations  of  lake  trout. 

Management  of  Walleye  and  Yellow  Perch  in 
Western  Lake  Erie.  The  walleye  population  of 
western  Lake  Erie  is  now  larger  than  at  any  time 
during  the  last  25  years.  Moreover,  six  or  more 
year  classes  contributing  to  the  fishery  indicate  a 
more  balanced  age  structure  than  formerly 
existed.  In  1977,  the  species  produced  the 
strongest  year  class  observed  since  surveys  began 
in  western  Lake  Erie  in  1958.  This  strong  recovery 
of  the  walleye  is  gratifying  to  the  agencies  co- 
operating in  resource-wide  quota  management,  al- 
though there  is  some  concern  now  that  the  stock 
may  be  at  or  near  the  western  basin's  carrying 
capacity  for  this  species.  Also,  growth  rate  has 
steadily  declined  since  1974,  and  the  age  of  sexual 
maturity  for  females  has  increased.  The  year  class 
produced  in  1978  was  very  weak,  probably  be- 
cause the  spawning  and  incubation  period  was 
prolonged  by  low  water  temperatures. 

The  Scientific  Technical  Committee  of  the  Lake 
Erie  Lake  Committee,  sponsored  by  the  Great 
Lakes  Fishery  Commission,  analyzed  the  walleye 
fishery  statistics  and  biological  data  collected  dur- 
ing 1977.  It  projected  the  1978  standing  stock  of 
"catchable-size"  walleyes  (age  II  and  older)  at  9.5 
million  fish;  forecast  the  stock's  expected  surplus 
production  a.  827,000  fish  weighing  2,350,000 
pounds;  and  recommended  1978  catch  quotas  of 
73,000  fish  for  Michigan,  321,000  for  Ontario, 
and  433,000  for  Ohio.  A  provisional  combined 
quota  of  5.6  million  pounds  was  forecast  for  1979, 
reflecting  recruitment  of  the  exceptionally  strong 
1977  year  class  into  the  fishable  stock. 

The  yellow  perch  resource  of  western  Lake  Erie 
has  deteriorated  further  since  1976.  In  that  year, 
the  Yellow  Perch  Technical  Committee  recom- 
mended to  the  Great  Lakes  Fishery  Commission's 


Lake  Erie  Lake  Committee  that  the  minimum 
length  limit  in  all  fisheries  be  increased  from  the 
existing  8.0  inches  to  at  least  8.5  inches.  Theoreti- 
cally, this  change  would  increase  the  average  stock 
weight  by  36%,  the  potential  egg  deposition  by 
44%,  and  the  average  spawning  opportunity  per 
adult  from  0.6  to  about  1.2 — with  essentially  no 
decrease  in  yield.  Although  the  technical  report 
and  recommendation  were  accepted  in  1976  by  all 
fishery  agencies  sharing  jurisdiction  over  the  yel- 
low perch  resource  in  western  Lake  Erie,  the 
recommended  increase  in  minimum  size  limit  had 
not  been  imposed  by  late  1978.  Stricter  enforce- 
ment of  the  existing  minimum  size  limit  of  8.0 
inches  for  commercial  catches  since  1976  has  re- 
sulted in  a  smaller  percentage  of  sublegal  fish  in 
the  catch  and  a  higher  average  size.  The  resource 
remains  depressed,  however,  and  surveys  in  1978 
indicated  that  the  1978  year  class  of  yellow  perch 
was  poor,  compared  with  the  strong  year  classes 
produced  in  the  1950's  and  1960's. 

Assessment  of  Alewife  and  Rainbow  Smelt 
Stocks  in  Lake  Ontario.  Alewives  and  rainbow 
smelt  are  the  major  prey  for  trout  (lake,  brown, 
and  rainbow)  and  salmon  (coho  and  chinook)  in 
Lake  Ontario.  Hatchery-reared  trout  and  salmon, 
stocked  in  the  lake  by  U.S.  and  Canadian  fishery 
agencies  each  year  since  1969,  are  being  planted  in 
increasing  numbers  as  hatchery  capacity  expands 
and  major  fisheries  for  these  introduced  fish  de- 
velop. Survival  has  been  enhanced  by  a  program 
begun  in  1971-72  to  control  the  parasitic  sea 
lamprey.  Continuing  success  of  the  evolving 
fisheries  depends  on  the  ability  of  the  forage 
stocks  to  support  the  predators.  Current  knowl- 
edge of  the  status  of  the  forage  fish  stocks  is  essen- 
tial to  formulate  management  decisions  designed 
to  perpetuate  vigorous  stocks  of  both  predator 
and  prey  species. 

We  obtained  our  first  comprehensive  data  on 
alewives  and  smelt  in  1972,  when  we  participated 
in  an  interagency  cooperative  survey  of  Lake  On- 
tario fishery  resources  as  part  of  the  International 
Field  Year  on  the  Great  Lakes.  Data  were  next  col- 
lected in  1978,  when  we  began  a  fish-stock  assess- 
ment program  in  cooperation  with  the  New  York 
Department  of  Environmental  Conservation  and 
Ontario  Ministry  of  Natural  Resources,  to  provide 
continuing  information  on  status  of  the  major  fish 
stocks. 

Alewives  were  the  most  abundant  forage  fish  in 
both  years  of  observation,  but  their  numbers  in 
1978  were  only  about  half  those  in  1972.  Scale 
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analyses  showed  that  most  fish  grew  rapidly  dur- 
ing 1977,  the  faster  growth  being  mainly  respon- 
sible for  an  increase  in  mean  size  at  capture  of 
adults  from  150  mm  in  1972  to  171  mm  in  1978. 
The  sudden  increased  growth  most  likely  resulted 
from  a  substantial  reduction  in  alewife  abun- 
dance— probably  during  the  severe  winter  of  1976- 
77.  The  improved  physical  condition  of  alewives 
may  also  be  attributed  to  the  lower  population 
density;  fish  collected  in  the  spring  of  1978  aver- 
aged 10  to  50%  heavier  than  fish  of  the  same 
lengths  taken  in  1972.  The  combination  of  better 
condition  and  faster  growth  held  the  loss  in  esti- 
mated biomass  between  1972  and  1978  to  only 
22%,  despite  the  50%  reduction  in  numbers. 

Rainbow  smelt  made  up  a  much  greater  portion 
of  the  forage- fish  community  in  1978  than  in 
1972,  due  to  the  decline  in  alewife  abundance  and 
a  14-fold  increase  in  the  smelt  population.  During 
this  period  the  ratio  of  alewives  to  smelt  changed 
from  75:1  to  6:1.  In  1978,  the  estimated  biomass 
of  alewives  and  smelt  combined  was  only  about 
75%  as  great  as  that  in  1972. 


Sampling  fish  larvae  with  0.5-m  plankton  net  to  deter- 
mine locations  of  spawning  and  nursery  areas  in  the  St. 
Clair-Detroit  River  system.  Photo  by  Roann  Ogawa. 

Effect  of  Water-use  Practices  on  Food  and 
Feeding  of  Larval  Fish  in  the  St.  Clair-Detroit 
River  Ecosystem.  Fish  larvae  are  sensitive  and  vul- 
nerable to  many  substances  present  in  industrial 
and  municipal  waste  discharges,  yet  the  effects  of 


such  wastes  on  these  larvae  in  natural  waters,  in- 
cluding the  St.  Clair-Detroit  River  Ecosystem 
(which  links  Lakes  Huron  and  Erie),  have  not 
been  demonstrated.  One  sensitive,  measurable  ef- 
fect of  exposure  of  fish  larvae  to  these  wastes  may 
be  a  change  in  the  feeding  activity  of  the  larvae,  as 
reflected  in  the  contents  of  their  alimentary 
canals.  To  test  this  hypothesis,  we  examined  the 
alimentary  tracts  of  113  larval  yellow  perch  from 
samples  collected  in  mid-May  in  the  Detroit  River. 
One  group  of  samples  was  collected  in  relatively 
unpolluted  water  near  Belle  Isle,  and  another 
downstream  near  Grosse  He,  in  an  area  impacted 
by  major  industrial  and  municipal  waste  dis- 
charges. Microscopic  examination  showed  that  all 
larvae  were  in  yolk-sac  or  early  post-yolk-sac 
stages.  About  83%  of  the  perch  (4.6-7.8  mm  long) 
from  the  Belle  Isle  area  had  food  in  their  alimen- 
tary canals,  compared  with  30%  of  the  perch  (5.5- 
7.8  mm  long)  from  the  Grosse  He  area.  The  Belle 
Isle  perch  had  ingested  an  average  of  five  or- 
ganisms each,  and  the  Grosse  He  perch  two  or- 
ganisms each.  Because  larvae  at  both  transects 
were  in  the  same  life  stage  and  probably  from  a 
common  population  in  Lake  St.  Clair,  the  data 
suggest  that  impaired  water  quality  in  the  lower 
Detroit  River  had  a  detrimental  effect  on  the  food 
supply  and  feeding  activity  of  the  larvae.  Gut  con- 
tents of  additional  specimens  are  to  be  examined 
to  further  evaluate  these  preliminary  results. 

Base-line  Habitat  Characterization  of  the  St. 
Clair-Detroit  River  Ecosystem:  Distribution, 
Abundance,  and  Productivity  of  Aquatic  Plants. 
Aquatic  plants  were  a  prominent  biological  fea- 
ture of  the  extensive  wetlands  that  once  bordered 
the  U.S.  shores  of  Lake  St.  Clair.  Over  the  past 
century,  however,  about  85%  of  these  wetlands 
have  been  dredged,  filled,  and  bulkheaded  and  the 
rest  face  a  similar  threat.  In  1977,  we  observed 
that  about  25%  of  the  lake's  open  waters  still  sup- 
port stands  of  aquatic  plants,  parts  of  which  are 
also  threatened  by  such  factors  as  pollution,  in- 
creased turbidity,  dredging,  and  dredge-spoil  dis- 
posal. Because  aquatic  macrophytes  (and  their 
periphyton)  are  known  to  provide  food,  oxygen, 
and  other  habitat  requirements  for  fish  in  marine 
and  brackish  waters,  the  loss  of  additional  wet- 
land or  open-lake  habitat  may  reduce  fish  produc- 
tivity. Research  is  needed  to  document  the  contri- 
bution of  the  remaining  plant  communities  to  the 
fish  productivity  of  Lake  St.  Clair,  so  that  en- 
croachment by  man  on  the  essential  elements  of 
their  remaining  habitat  in  this  important  ecosys- 
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tern  can  perhaps  be  prevented. 

Samples  of  submersed  plants  collected  at  eight 
locations  of  Anchor  Bay  and  the  St.  Clair  Flats 
(Lake  St.  Clair)  in  June,  July,  and  August  re- 
vealed that  Chara  was  widely  distributed  and  the 
dominant  taxon  in  open  waters  of  Anchor,  Fisher, 
and  Goose,  and  Little  and  Big  Muscamoot  bays. 
Water  milfoil  and  wild  celery  were  characteristic 
of  more  shallow  nearshore  waters  in  Anchor  Bay, 
Little  Muscamoot  Bay,  and  around  Sand  Island. 
Pondweeds  were  also  abundant  east  of  Sand  Is- 
land in  water  2-5  m  deep.  Waterweed  was  found 
primarily  in  Little  Muscamoot  Bay,  sparingly 
along  the  western  side  of  Anchor  Bay,  and  in 
dense,  isolated  mats  covering  the  bottom  in  shal- 
low, narrow,  connecting  channels  in  St.  Clair 
Flats. 

Mean  total  surface  area  of  plants  (determined 
by  measuring  the  surface  area  of  the  individual 
plants  in  each  sample  with  a  photoelectric  "leaf- 
area  meter")  increased  in  all  locations  from  June 
to  August.  These  values  were  consistently  high  in 
Little  Muscamoot  Bay;  relatively  low  in  northern 
Anchor,  Fisher,  and  Big  Muscamoot  bays;  and  in- 
termediate in  the  open  water  and  along  the  west- 
ern shore  of  Anchor  Bay.  The  highest  macrophyte 
surface  area  value,  and  the  greatest  seasonal  in- 
crease, were  recorded  at  Sand  Island. 

Alternative  Methods  of  Sea  Lamprey  Control: 
Velocity  Barriers.  The  Great  Lakes  Fishery  Com- 
mission is  committed  to  a  continuing  program  of 
assessing  the  impact  of  residual  sea  lamprey  popu- 
lations on  Great  Lakes  fish  stocks.  Its  main  charge 
is  to  develop  an  integrated,  cost-effective  lamprey 
control  program  that  will  include  the  continued 
use  of  chemical  toxicants  where  appropriate,  but 
that  will  also  include  the  use  of  attractants,  repel- 
lents, sterilants,  physical  barriers,  and  other  meth- 
ods that  may  prove  useful  and  economical. 

The  installation  of  barrier  dams  on  certain 
streams  as  part  of  an  integrated  sea  lamprey  con- 
trol program  has  long  been  endorsed  by  the  Com- 
mission. Consideration  is  being  given  to  the  design 
of  low-head  dams  that  would  prevent  the  up- 
stream movement  of  spawning-run  lampreys  dur- 
ing low  and  normal  conditions  of  streamflow,  and 
that  would  create  velocity  barriers  when  high 
streamflow  reduces  the  necessary  head.  To  de- 
velop reliable  design  criteria  for  these  velocity  bar- 
riers, engineers  need  information  on  the  burst 
swimming  speed  of  spawning-run  sea  lampreys. 

In  providing  this  information,  biologists  at  the 
Hammond  Bay  Biological  Station  performed  tests 


designed  to  yield  data  on  maximum  swimming 
speeds  attainable  by  spawning-run  sea  lampreys. 
Water  velocities  in  the  flow-through  test  flume 
(1x1x8  feet)  on  the  Ocqueoc  River  (which  has 
an  annual  run  of  sea  lampreys)  ranged  from  5  to 
13  feet  per  second;  water  temperature  ranged  from 
16  to  25°  C.  Migrating  sea  lampreys,  captured  in 
an  electro-mechanical  trap  at  the  site  of  the  swim- 
ming-test apparatus,  were  able  to  swim  distances 
from  1  to  8  feet  against  the  maximum  current  (13 
feet  per  second)  that  could  be  generated  in  the  test 
apparatus.  From  the  tests  we  concluded  that  the 
ability  of  adult  sea  lampreys  to  swim  at  speeds  in 
excess  of  this  value  over  distances  of  up  to  8  feet 
probably  precludes  the  development  of  velocity 
barriers  against  lampreys  in  most  fish-passage 
facilities. 

Uptake  of  PCB's  by  Lake  Trout  Fry.  The  ap- 
parent failure  of  lake  trout  to  reproduce  in  Lake 
Michigan  has  prompted  considerable  research  to 
identify  the  factors  influencing  reproduction  of 
stocked  lake  trout.  One  factor  under  investigation 
is  the  effect  of  organic  contaminants  on  the  sur- 
vival, growth,  and  performance  of  lake  trout  fry. 
In  preparation  for  a  field  evaluation  of  the  effects 
of  organic  contaminants  such  as  PCB's  and  DDE 
on  survival  and  growth  of  lake  trout  fry,  we  con- 
ducted two  laboratory  exposures  of  fry  to  PCB's 
(Aroclor  1254).  The  first  exposure  was  to  describe 
PCB  uptake  patterns  through  critical  life  stages, 
including  yolk  absorption  and  onset  of  feeding, 
and  the  second  was  to  evaluate  the  effect  that  use 
of  a  carrier  solvent  (acetone)  has  on  uptake  of 
PCB's  by  lake  trout  during  low-level  exposures 
simulating  environmental  conditions. 

Fry  hatched  from  eggs  of  Lake  Michigan  lake 
trout  were  exposed  to  50  ng/1  PCB's  in  water  and 
0.8  /ig/g  in  food  through  the  first  48  days  after 
hatching.  During  this  period  samples  of  lake  trout 
fry  were  taken  seven  times  and  analyzed  for 
PCB's.  Results  of  these  analyses  were  expressed  in 
three  ways:  concentration  (/*g/g)  based  on  wet 
weight  of  fish,  concentration  (ng/g)  based  on  dry 
weight  of  fish,  and  body  burden  (/xg  PCB's  per 
fish).  Wet-weight  concentrations  of  PCB's  in  the 
fish  ultimately  decreased  by  the  48th  day  of  expo- 
sure, but  dry-weight  concentrations  increased 
65%  and  body  burden  increased  67%.  These  ap- 
parently contradictory  results  are  believed  to  be 
caused  by  substantial  physiological  changes,  in- 
cluding rapid  growth  and  associated  changes  in 
water  and  lipid  content  known  to  occur  during 
early  life  stages  of  fish.  Thus,  conclusions  drawn 
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about  the  uptake  patterns  of  contaminants  by 
these  young  fish  differ  dramatically,  depending  on 
how  the  results  are  expressed.  We  conclude  that 
when  studies  are  conducted  to  measure  rate  and 
extent  of  contaminant  uptake,  the  data  should  be 
reported  as  body  burdens  (e.g.,  fig  PCB's  per 
fish). 

In  the  second  study,  we  exposed  lake  trout 
(from  hatchery  stocks)  to  low  levels  of  PCB's  in 
water  (50  ng/1)  for  52  days  with  and  without  the 
addition  of  acetone  (10  mg/1).  Fry  exposed  to 
PCB's  with  acetone  accumulated  43%  more 
PCB's  than  did  fry  exposed  to  the  same  concentra- 
tion of  PCB's  without  acetone.  The  use  of  a  car- 
rier solvent  such  as  acetone  is  a  common  bioassay 
practice  for  maintaining  low-polarity  organic 
compounds  in  water  solution.  The  results  of  this 
study  indicate,  however,  that  the  use  of  acetone  in 
such  studies  may  result  in  an  overestimation  of 
PCB  uptake  by  the  fish,  particularly  under  expo- 
sures intended  to  simulate  environmental  condi- 
tions. We  therefore  recommend  that  studies  in- 
tended to  evaluate  the  uptake  or  hazards  of  com- 
pounds such  as  PCB's  under  simulated  field  con- 
ditions be  performed  without  the  use  of  carrier 
solvents. 

Acute  Toxicity  of  Arsenic  and  PCB's  to  Fry  of 
Bloaters.  As  the  initial  step  in  evaluating  the 
potential  role  of  arsenic  and  PCB's  in  the  decline 
of  Lake  Michigan  bloaters,  static  acute-toxicity 
tests  (96-hour)  were  performed  on  fry,  the  most 
sensitive  life  stage.  Levels  of  contaminants  used  in 
these  tests  were  as  follows:  in  adults,  0.43  to 
0.98  fig  arsenic/g,  0.8  to  2.7  fig  PCB's/g,  and  0.4 
to  2.0  fig  DDE/g  (saponified  DDT  plus  DDE);  and 
in  the  eggs,  0.26  fig  arsenic/g,  0.5  fig  PCB's/g,  and 
0.2  fig  DDE/g. 

Statistical  analysis  of  96-hour  acute  toxicity 
tests  with  arsenic  (As203)  when  the  fry  were  15  to 
19  days  old  resulted  in  an  LC50  of  26  fig  ar- 
senic/ml. Arsenic  and  PCB's  (Aroclor  1254), 
singly  and  in  combination  at  doses  of  3.2  to  32  fig 
arsenic/1  and  1.0  to  10  fig  PCB's/1,  tested  on  22- 
to  26-day-old  fry,  yielded  the  following  LC50 
values:  arsenic  alone,  17  /xg/ml;  arsenic  with 
PCB's,  11  fig/m\;  and  PCB's  with  arsenic,  3.5 
fig/m\.  Only  20%  of  the  fry  died  in  the  highest 
dose  of  10  fig  PCB's/ml.  Estimation  of  the  addi- 
tive index  indicated  simple  additive  toxicity  for 
arsenic  and  PCB's. 

Because  additive  toxicity  was  indicated,  the 
"safe"  concentrations  were  calculated  by  multi- 
plying  an   application    factor   of  0.01    (recom- 


mended by  the  National  Academy  of  Sciences)  by 
the  LC50  values  of  the  mixtures.  The  estimated 
safe  concentrations  of  35  fig  PCB's/1  and  110  fig 
arsenic/1  are  well  above  the  reported  levels  of  less 
than  10  ng  PCB's/1  and  1  fig  arsenic/1  for  Lake 
Michigan  waters.  Hence,  the  water-quality  criteria 
and  objectives  for  PCB's  (1 .0  ng/1)  and  arsenic  (50 
fig/\)  recommended  by  the  Environmental  Protec- 
tion Agency  and  the  International  Joint  Commis- 
sion appear  to  be  adequate  to  protect  bloater 
populations  in  Lake  Michigan. 

Energetics  of  Great  Lakes  Fishes.  Information 
on  the  caloric  (energy)  content  and  proximate 
composition  of  fishes  is  needed  to  help  understand 
the  flow  of  energy  through  Great  Lakes  food  webs 
and  to  evaluate  laboratory-derived  energy  bud- 
gets. Such  information  can  also  be  used  to  indicate 
the  general  condition  of  stocks,  including  the  level 
of  feeding  by,  or  forage  available  to,  a  particular 
stock.  Because  of  the  recently  increased  stocking 
of  salmonids  in  the  upper  Great  Lakes  and  the 
potentially  unstable  nature  of  the  alewife  stocks 
(now  the  principal  prey  of  most  of  these  salmo- 
nids), forage  availability  will  be  a  major  concern 
in  future  fishery  management  in  the  Great  Lakes. 

We  measured  the  proximate  composition  (per- 
centage fat,  water,  fat-free  dry  material,  and  ash) 
and  caloric  content  of  eight  species  of  Lake  Michi- 
gan fishes:  lake  trout,  coho  salmon,  lake  white- 
fish,  bloater,  alewife,  rainbow  smelt,  and  deep- 
water  and  slimy  sculpins.  Caloric  content  of  all 
species  varied  directly  with  fat  content  and  in- 
versely with  water  content.  No  significant  differ- 
ence in  proximate  composition  or  caloric  content 
was  observed  between  males  and  females  or  be- 
tween fish  collected  in  different  years.  Fat  and 
caloric  content  of  lake  trout  increased  directly 
with  age.  Small,  presumably  immature,  fish  of  the 
other  seven  species  were  significantly  lower  in  fat 
and  caloric  content  than  larger,  older  fish.  Age 
was  not  determined,  however,  for  the  other 
species  analyzed.  Fat  content  of  lake  trout,  white- 
fish,  and  bloaters  (range  of  means,  16-22%)  was 
nearly  3  times  higher  than  that  of  coho  salmon, 
sculpins,  smelt,  and  alewives  (range  of  means,  5.2 
to  7.0%).  The  caloric  content  ranged  from  3.9  to 
7.1  kcal/1  for  lake  trout,  whitefish,  and  bloaters 
and  from  5.8  to  6.3  kcal/g  for  coho  salmon,  scul- 
pins, smelt,  and  alewives.  Since  the  decrease  in 
caloric  content  was  not  proportional  to  the  de- 
crease in  fat  content,  and  other  components  of 
fish  composition  were  essentially  unchanged, 
energy  content  of  fat  appears  to  vary  among  these 
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fish  species. 

We  also  conducted  experiments  to  develop  a 
working  knowledge  of  the  bioenergetics  of  lake 
trout  that  would  enable  us  to  better  understand 
this  species'  forage  requirements  as  well  as  its  im- 
pact on  the  forage  stocks.  A  preliminary  energy 
budget  was  constructed  for  yearling  lake  trout  fed 
various  rations  of  alewives  while  held  at  tempera- 
tures ranging  from  3  to  20°  C.  The  energy  con- 
tent of  the  alewives  consumed,  as  well  as  that  used 
for  standard  metabolism  and  growth,  was  meas- 
ured directly,  but  the  energy  required  for  active 
metabolism  and  specific  dynamic  action,  together 
with  that  lost  as  waste,  had  to  be  estimated. 

The  relative  amount  of  energy  assigned  to  each 
of  the  various  components  of  the  budget  for  year- 
ling lake  trout  varied  with  temperature;  the  largest 
increase  in  food  intake  and  growth  occurred  be- 
tween 10  and  12°  C.  The  largest  portion  of  in- 
gested energy,  31  to  34%,  was  lost  as  waste;  the 
smallest  portion,  18  to  33%,  was  added  as  growth; 
and  the  remaining  30  to  45%  was  used  for  respira- 
tion. The  respiration  component  of  the  budget 
could  be  further  subdivided  into  the  energy  re- 
quired for  standard  metabolism  (26  to  45%)  and 
that  used  for  activity  and  assimilating  food  (55  to 
74%). 

Lack  of  information  on  the  thermal  experience, 
activity  level,  feeding  behavior,  and  diet  of  lake 
trout  in  the  lake  environment  makes  a  meaningful 
comparison  of  growth  rates  between  field  and 
laboratory  fish  difficult.  Nevertheless,  the  esti- 
mated daily  growth  rates  for  lake  trout  of  ages  I 
and  II  collected  in  Lake  Michigan  are  within  the 
ranges  of  growth  rates  observed  for  laboratory 
fish  fed  restricted  rations  at  temperatures  similar 
to  those  in  the  lake.  The  growth  rate  of  19  calories 
per  gram  per  day  obtained  for  laboratory  fish  fed 
alewives  ad  libitum  (at  7°  C),  was  nearly  3  times 
that  estimated  for  lake  fish. 

New  Research  Vessel.  The  Laboratory's  new  re- 
search vessel  Grayling  arrived  at  its  home  port  of 
Cheboygan,  Michigan,  in  October  1977,  after  a 
2,200-mile  voyage  from  its  construction  site  in 
Mobile,  Alabama.  It  joins  four  other  research 
vessels  operated  by  the  Laboratory  in  support  of 
fishing  and  environmental  research  across  the 
Great  Lakes:  the  Cisco  on  Lake  Michigan  at 
Saugatuck,  the  Siscowet  on  Lake  Superior  at  Bay- 
field, the  Musky  II  in  Lake  Erie  at  Sandusky,  and 
the  Kaho  on  Lake  Ontario  at  Oswego.  The  Gray- 
ling, operating  mainly  on  Lake  Huron,  eastern 
Lake  Superior,  and  northern  Lake  Michigan,  en- 


gages primarily  in  surveys  associated  with  the  as- 
sessment of  stocks  of  forage  fishes  such  as  ale- 
wives and  smelt,  as  well  as  stocks  of  sport  and 
food  fishes  such  as  lake  trout,  bloaters,  yellow 
perch,  and  walleyes.  As  required,  it  also  facilitates 
investigation  of  the  effects  on  fishery  resources  of 
habitat  alterations  that  result  from  contamina- 
tion, water  withdrawal,  maintenance  dredging, 
and  shoreline  modification. 

The  Grayling,  a  modified  stock-model  Gulf-of- 
Mexico  trawler,  is  of  all-welded  steel  construction 
with  an  overall  length  of  75  feet,  a  beam  of  22 
feet,  and  a  loaded  draft  of  9.8  feet.  Displacement 
is  189  long  tons.  It  has  a  cruising  speed  of  9.1 
knots  and  a  range  of  4,000  miles,  and  can  sustain 
continuous  operation  for  up  to  40  days.  Its  hull  is 
reinforced  for  winter  (ice)  operations  and  is 
equipped  with  bilge  keels  to  reduce  roll. 

The  vessel  features  a  raised  forecastle  bow  that 
houses  two  fully  equipped  laboratories,  galley  and 
mess  area,  quarters  for  two  scientists,  and  a  com- 
bination washroom  and  shower  on  the  main  deck. 
Below  deck  forward  are  separate  quarters  for  two 
scientists  and  two  crew  members,  a  combination 
washroom  and  shower,  and  dry-storage  compart- 
ment. Quarters  for  the  vessel's  captain  are  directly 
aft  of  the  pilot  house  on  the  upper  deck.  Scientist 
and  crew  quarters,  galley  space,  washrooms,  and 
laboratories  are  heated  for  cold-weather  opera- 
tion; scientist  and  crew  quarters,  and  galley  space, 
are  also  air-conditioned. 

The  vessel  is  propelled  by  two  diesel  engines 
rated  at  275  shaft  horsepower  each  and  located 
below  aft.  Each  engine  is  equipped  with  a  special 
marine  gear  that  allows  separate,  variable-speed 
control  with  constant  engine  speed.  Electrical 
power  is  supplied  by  two  diesel-powered  genera- 
tors, each  rated  at  75  kW. 

Deck  machinery  located  on  the  after  main  deck, 
in  the  forward  laboratory,  and  on  the  upper  deck 
forward  are  all  hydraulically  operated  with  power 
from  the  main  engines.  The  machinery  includes 
split,  automatic  level-wind  trawl  winches;  split 
trawl-net  reels  (one  reel  to  accommodate  a  bottom 
trawl,  the  other  a  mid-water  trawl);  articulated 
crane;  gill  net  lifter;  anchor  windlass;  and  two 
bathythermograph  winches  with  boom. 

The  Grayling's  navigation-communication 
equipment  includes  a  magnetic  compass/auto- 
matic pilot,  64-mile-range  radar,  two  VHF-FM 
transceivers,  Loran-C  navigation  system,  wind  ve- 
locity/direction indicator,  depth  sounder,  and 
sophisticated  acoustical  fish-detection  equipment. 
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LA  CROSSE  NATIONAL  FISHERY 
RESEARCH  LABORATORY 

Registration  of  Lampricides.  In  concert  with  the 
Fish  and  Wildlife  Service  Registration  Liaison 
Officer,  supplemental  labels  were  developed  to 
cover  the  use  of  the  lampricides  3-trifluoromethyl- 
4-nitrophenol  (TFM)  and  TFM:Bayer  73  as  used 
by  the  Great  Lakes  Fishery  Commission's  sea 
lamprey  control  crews.  The  new  labels  received  the 
approval  of  the  Environmental  Protection  Agency 
(EPA)  on  May  5,  1978,  and  instructions  for  affix- 
ing them  to  containers  of  chemicals  on  hand  were 
mailed  to  the  field  crews. 

This  approval  means  that  all  current  uses  of 
TFM  as  a  lampricide  are  now  covered  by  adequate 
labels.  Although  EPA  has  not  formally  responded 
to  our  February  1976  submissions  for  amended 
registration  and  exemption  from  a  requirement  of 
a  tolerance  (ERT),  the  granted  supplemental 
labels  provide  the  needed  legal  coverage.  Thus,  no 
further  concerns  related  to  the  registration  of 
lampricidal  uses  of  TFM  are  anticipated  until 
EPA  calls  for  reregistration  of  the  compound. 

After  reviewing  the  Pesticide  Petition  and  Food 
Additive  Petition  for  TFM,  EPA  recommended 
that  the  Service  extend  the  request  for  an  ERT  to 
include  meat,  milk,  and  eggs.  In  addition,  EPA 
suggested  that  the  Service  petition  for  an  ERT  on 
dimethylformamide  when  used  as  a  solvent  for 
TFM.  The  Laboratory  prepared  draft  letters  re- 
garding both  matters  and  provided  additional  data 
on  safety  and  residue  concerns  of  dimethylforma- 
mide. 

Interaction  of  the  Lampricide  TFM  and  Nitrite 
Nitrogen.  A  recent  chemical  treatment  of  the 
Muskegon  River  (Michigan)  with  TFM  for  larval 
sea  lamprey  control  resulted  in  a  fish  kill — pri- 
marily of  northern  pike  and  white  suckers.  A  spot 
check  of  selected  water  quality  characteristics  of 
the  River  indicated  relatively  high  nitrite  nitrogen 
levels  (0.02-0.3  mg/1).  It  was  postulated  that  an  in- 
teraction between  the  nitrite  and  TFM  may  have 
resulted  in  increased  toxicity.  The  La  Crosse  Na- 
tional Fishery  Research  Laboratory  was  asked  to 
evaluate  the  possibility  of  this  interaction  under 
laboratory  conditions.  We  exposed  northern  pike 
and  white  suckers  to  TFM,  nitrite,  and  a  combina- 
tion of  the  two  and  analyzed  the  data  for  the  indi- 
vidual toxicities  and  the  combined  toxicities.  For 
both  species  the  toxicity  of  the  combination  was 
greater  than  that  of  the  individual  compounds,  in- 
dicating that  synergism  may  have  been  a  factor  in 


the  fish  kill.  The  development  of  a  program  to 
evaluate  the  effects  of  contaminants  on  the 
toxicity  of  the  lampricides  should  be  considered, 
since  contaminants  may  have  been  a  factor  in  pre- 
vious unexplained  fish  kills. 

Uptake  and  Elimination  of  TFM.  Largemouth 
bass  exposed  to  a  1-mg/l  solution  of  MC-TFM  for 
up  to  24  hours  were  analyzed  for  residues  of  TFM 
during  the  period  of  uptake  and  for  72  hours  of 
withdrawal  in  lampricide-free  water.  Uptake  of 
the  lampricide  in  largemouth  bass  muscle  was 
rapid.  The  muscle  contained  0.375  /*g/g  after  2 
hours  of  exposure  and  0.653  jug/g  after  24  hours. 
The  head  and  viscera  contained  higher  concentra- 
tions of  lampricide  after  exposures  of  both  2  hours 
(0.553  ixg/g)  and  24  hours  (2.50  /*g/g).  During 
withdrawal  in  lampricide-free  water,  the  concen- 
tration of  TFM  in  muscle  declined  to  less  than  the 
detectable  limit  (0.001  iig/g)  within  48  hours.  The 
concentration  also  declined  in  the  head  and  vis- 
cera; however,  after  72  hours  of  withdrawal  the 
head  and  viscera  still  contained  0.418  /xg/g.  Most 
of  the  MC-material  found  in  largemouth  bass  after 
exposure  to  l4C-TFM  occurs  as  either  the  parent 
compound  or  the  glucuronide  conjugate.  A  small 
amount  of  unidentified  l4C-material  was  also 
found.  Largemouth  bass  apparently  detoxify 
TFM  by  glucuronide  conjugation  similar  to  that 
demonstrated  in  salmonids.  Since  the  lampricide  is 
readily  metabolized  and  eliminated  by  fish,  there 
is  little  chance  that  tissue  residues  could  ever  be- 
come harmful  to  humans. 

Residues  of  Bayer  73.  A  method  for  analysis  of 
residues  of  the  lampricide  Bayer  73  in  fish  muscle 
tissue  was  recently  improved  by  the  development 
of  a  solvent  partitioning  cleanup  procedure. 
Further  refinement  of  the  procedure  by  eliminat- 
ing unnecessary  steps  and  optimizing  the  cleanup 
and  recovery  of  Bayer  73  is  under  way.  Steps  in- 
volving incubation  of  tissue  extracts  and  the  use  of 
potassium  permanganate  and  lead  acetate  as  oxi- 
dizing agents  are  being  evaluated.  The  presence  of 
30%  I-LO,  during  hydrolysis  of  Bayer  73  to  form 
2-chloro-4-nitroanaline  is  essential  for  good  re- 
coveries, especially  in  the  presence  of  interfering 
lipid  material.  The  use  of  gas  chromatographic 
columns  containing  6%  OV-3  on  Gas  Chrom  Q  or 
5%  OV-17  on  Chromasorb  W-HP  seems  to  be 
most  effective  for  Bayer  73  analysis. 

Residues  of  Bayer  73  in  plasma  and  gallbladder 
bile  of  rainbow  trout  exposed  to  0.05  mg/1  of 
Bayer  73  increased  with  time;  after  24  hours  of 
exposure  the  concentrations   were  5.30  jtg/1   in 
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plasma  and  473  /tg/ml  in  bile.  In  rainbow  trout  ex- 
posed to  0.05  mg/1  of  Bayer  73  for  12  hours  and 
then  placed  in  lampricide-free  water,  Bayer  73 
residues  in  the  blood  plasma  decreased  to  less  than 
0.01  fig/ml  after  3  weeks  of  withdrawal.  Some 
Bayer  73  residues  (0.76  /*g/ml)  were  still  detected 
in  the  gallbladder  bile. 

Blood  plasma  and  bile  from  coho  salmon  ex- 
posed to  0.05  mg/1  of  Bayer  73  were  analyzed  for 
residues  of  that  material.  Bile  contained  3,040 
/ig/ml  in  the  0-hour  samples  and  880  fig/ml  after 
14  days  of  withdrawal;  plasma  contained  5.2 
/ig/ml  at  0-hour  and  0.24  ^g/ml  after  7  days  of 


withdrawal.  No  Bayer  73  residues  were  detected  in 
plasma  of  fish  withdrawn  from  the  lampricide  for 
14  days.  The  fish  were  not  fed  during  the  experi- 
ment, and  thus  accumulated  the  conjugated 
Bayer  73  in  gallbladder  bile. 

Muscle  of  largemouth  bass  exposed  to  0.05 
mg/1  of  Bayer  73  for  24  hours  contained  0.035 
/ig/ml  immediately  after  the  exposure;  after  14 
days  in  lampricide-free  water  the  residue  concen- 
tration had  decreased  to  0.008  /ig/ml.  Fish  ap- 
parently have  the  ability  to  eliminate  Bayer  73 
over  a  short  period  of  time. 


Inland  Fisheries  and 
Reservoir  Management 


GAINESVILLE  NATIONAL  FISHERY 
RESEARCH  LABORATORY 

Laboratory    for   Study    of   Exotic    Fishes.    In 

August  1977  Director  Lynn  Greenwalt  announced 
the  establishment  of  a  National  Fishery  Research 
Laboratory  at  Gainesville,  Florida,  to  conduct  re- 
search on  exotic  and  non-native  fish  species  that 
have  become  established,  or  are  likely  to  become 
established,  in  the  Nation's  waters. 

Large  numbers  of  exotic  fish  species  are  being 
introduced  into  the  United  States  each  year  by  the 
tropical  fish  industry  for  the  home  aquarium  trade 
or  by  Federal  and  State  agencies  to  provide  better 
sport  fishing  or  as  possible  agents  to  control 
aquatic  weeds.  Many  of  the  species  have  been 
either  intentionally  or  accidentally  released  into 
natural  waters  and  have  established  breeding 
populations.  Many  compete  successfully  with  na- 
tive fish  populations  and  are  potentially  capable 
of  causing  severe  damage  to  aquatic  ecosystems. 
Knowledge  of  the  potential  damage  that  an  exotic 
fish  could  cause  if  it  became  established  would  as- 
sist managers  and  law  enforcement  agencies  in 
stopping  the  introduction  and  spread  of  harmful 
species. 

The  Laboratory's  activities  will  be  part  of  the 


Service's  increased  efforts  to  stop  this  introduc- 
tion and  establishment  of  harmful  exotic  fishes. 
At  present  43  species  are  known  to  occur  in  U.S. 
waters,  of  which  25  are  found  in  Florida.  Some 
exotic  species,  such  as  the  carp  and  goldfish,  have 
been  widely  established  for  many  years  and  are 
clearly  undesirable.  Others,  such  as  those  belong- 
ing to  the  genus  Tilapia,  various  tropical 
aquarium  fishes,  and  grass  carp  are  relatively  new 
additions  whose  potential  impacts  are  not  fully 
known.  The  Laboratory  will  be  responsible  for  de- 
termining the  distribution,  status,  and  effects  of 
the  exotic  fishes  that  are  already  established,  for 
supporting  regulations  to  prevent  further  intro- 
ductions of  undesirable  species,  and  for  develop- 
ment of  protocols  and  studies  which  must  be  com- 
pleted before  a  new  exotic  species  can  be  pur- 
posely released  into  the  open  waters  of  the  Nation. 

An  Environmental  Assessment  on  the  Labora- 
tory and  a  Cooperative  Agreement  with  the  Uni- 
versity of  Florida  have  been  completed.  The  agree- 
ment includes  a  99-year  lease  on  25  acres  of  Uni- 
versity property  for  the  site  of  the  Laboratory  and 
associated  experimental  ponds.  The  final  planning 
and  design  of  the  Laboratory  will  take  place  in 
1979  and  construction  will  begin  soon  thereafter. 

One  of  the  first  projects  of  the  Laboratory  is 
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Distribution  of  the  South  Asian  walking  catfish  Clarias 
batrachus  in  south  and  central  Florida  showing  the 
rapid  uncontrolled  expansion  of  its  range.  (Interim  con- 
tract report— Walter  R.  Courtenay,  Jr.  [From  Am.  Men 
Sci.],  Florida  Atlantic  University.) 


that  of  supporting  a  program  to  monitor  the  status 
of  all  fish  populations  in  the  United  States  and 
provide  an  early  warning  if  changes  in  their  abun- 
dance or  distribution  takes  place.  Land  develop- 
ment activities  and  man-made  contaminants,  both 
chemical  and  biological,  have  been  gradually  in- 
creasing the  stress  on  native  fish  species  and  their 
habitats.  This  stress  has  caused  major  changes  in 
fish  populations  and  has  caused  a  reduction  in 
numbers  or  in  distribution  of  many  of  the  more 
sensitive  species.  Some  species  under  extreme 
stress  are  reaching  threatened  or  endangered 
status.  Under  these  conditions,  the  introduction  of 
exotic  fish  can  have  major  impacts. 

A  contract  with  the  North  Carolina  State 
Museum  was  developed  that  would  support  the 
compilation  of  a  distributional  atlas  of  all  fresh- 
water and  brackish  water  fish  found  in  North 
America  north  of  Mexico.  The  atlas  would  con- 
tain an  illustration  or  photo  for  about  700  species 
and  a  brief  summary  and  references  outlining  their 
systematics,  geographical  and  ecological  distribu- 
tions, status,  and  biology.  In  addition,  either  a  dot 
distribution  or  area  distribution  range  map  would 
be  shown  for  each  species.  The  atlas  is  scheduled 


to  be  published  in  1980  in  loose-leaf  form  to  allow 
updating  as  new  material  becomes  available.  The 
resulting  publication  should  be  of  major  assist- 
ance to  Federal  and  State  agencies,  land  de- 
velopers, and  utility  companies  in  assessment  of 
the  ecological  consequences  of  any  new  project  be- 
fore it  is  undertaken. 

Ichthyologists,  researchers,  managers,  students, 
and  sportsmen  alike  should  find  the  volume  inter- 
esting and  a  valuable  source  of  basic  information, 
and  provide  a  base  for  a  future  catalogue  sum- 
marizing systematic  and  life  history  information. 
Lists  of  major  fish  identification  and  life  history 
references  for  each  State  or  region  of  the  United 
States  and  a  current  list  of  the  species  considered 
threatened  or  endangered  by  Federal  or  State  con- 
servation agencies  would  be  included. 


LA  CROSSE  NATIONAL  FISHERY 
RESEARCH  LABORATORY 

Laboratory  Construction.  The  new  National 
Fishery  Research  Laboratory,  La  Crosse,  Wiscon- 
sin, was  dedicated  on  September  16,  1978.  As- 
sistant Secretary  Robert  L.  Herbst  delivered  a 
challenging  and  informative  dedicatory  address. 
After  the  ceremonies,  the  new  facilities  were 
toured  by  over  1 ,000  visitors  and  guests. 

Two  of  three  main  structures  have  been  com- 
pleted, and  the  third  is  scheduled  for  completion 
in  October  1979.  Also  completed  are  three  wells 
for  supplying  all  needed  water,  a  toxic  treatment 
facility  for  waste  water,  concrete  pools  and  race- 
ways for  culturing  fish  and  testing  chemicals,  and 
earthen  ponds  for  fish  culture  and  chemical  ex- 
posures. 

Development  of  the  new  facility  will  permit  an 
accelerated  program  of  research,  will  provide  the 
latest  innovations  in  technical  facilities  and  cap- 
abilities, and  will  provide  an  opportunity  to  begin 
studies  of  the  effects  of  resource  management  ac- 
tivities, pollutants,  and  navigational  development 
on  river  ecosystems. 

Fishery  chemical  registration  activities  will  con- 
tinue at  the  new  facility  to  ensure  the  availability 
of  chemicals  for  fish  management  and  culture. 
This  research  relates  to  the  effects  of  fishery 
chemicals  on  nontarget  organisms,  and  persistence 
of  these  compounds  and  their  degradation  prod- 
ucts in  animal  tissues  and   in  soil,   water,   and 
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Dedication  of  the  La  Crosse  National  Fishery  Research  Laboratory  was  keynoted  by  Assistant  Secretary  Robert  L. 
Herbst  on  September  16, 1978.  Photo  by  L.  L.  Marking. 


plants.  Interrelations  between  chemical  and  bio- 
logical variations  and  fishery  chemicals  are  ex- 
plored to  determine  potential  neutralizing  effects 
or  possible  synergistic  reactions  that  might  in- 
crease toxic  effects.  Mammalian  safety  is  investi- 
gated by  contracting  studies  with  laboratories  that 
specialize  in  such  work. 

Progress  Toward  Registration  of  Fishery 
Chemicals.  Communications  continued  with  Food 
and  Drug  Administration  (FDA)  officials  con- 
cerning evaluation  of  the  submission  for  registra- 
tion of  formalin.  Information  was  provided  on  a 
recent  rat  study  involving  formalin-treated  meat 
that  showed  no  deleterious  effects.  Data  that 
showed  no  residues  in  fish  after  applications  at 
double  the  use-pattern  levels  were  also  provided. 

The  National  Fishery  Research  Laboratory  pro- 
vided additional  information  on  formaldehyde  to 
FDA  and  developed  the  proposed  use  label  and 
package  insert  along  with  relevant  reprints  that 
support  the  efficacy  claims.  The  Laboratory  also 
prepared  briefing  material  on  formalin  at  the  re- 
quest of  the  Service  Registration  Liaison  Officer. 


The  information  was  used  in  a  meeting  of  solici- 
tors from  FDA  and  the  Environmental  Protection 
Agency  (EPA),  who  discussed  the  registration  for 
the  use  of  formalin  in  fisheries. 

Formalin  has  now  been  reviewed  and  passed  on 
by  all  divisions  within  FDA,  except  the  Environ- 
mental Impact  Group. 

Betadine  is  very  effective  in  disinfecting  fish 
eggs  for  bacterial  and  viral  pathogens.  Inasmuch 
as  the  Purdue-Frederick  Company  has  the  human- 
use  registration  for  the  compound,  all  the  mam- 
malian safety  and  residue  work  has  been  com- 
pleted. 

Communications  with  Purdue-Frederick  Co. 
and  Tavolek  Inc.  concerning  possible  submission 
of  a  "new  animal  drug  application"  to  cover  use 
of  Betadine  in  fisheries  led  to  an  arrangement 
under  which  Tavolek  will  assume  sponsorship  of 
the  application.  All  of  the  Laboratory's  data  relat- 
ing to  Betadine  were  forwarded  to  Tavolek. 

It  was  recommended  that  the  Service  abandon 
further  efforts  to  have  malachite  green  registered 
for  fishery  uses.  Recent  results  from  a  rabbit  tera- 
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The  National  Fishery  Research  Laborat 
research  needs.  Photo  by  L.  L.  Marking. 


Crosse,  Wisconsin,  provides  space  and  flexibility  to  meet  future 


tology  study  yielded  evidence  of  significant  de- 
velopmental defects  at  all  treatment  levels.  Discus- 
sions with  FDA  officials  indicated  a  low  likeli- 
hood of  success,  and  greatly  increased  research  re- 
quirements and  costs. 

Aids  in  Registration.  The  National  Fishery  Re- 
search Laboratory  received  word  from  the  Fish 
and  Wildlife  Service  Registration  Liaison  Officer 
that  FDA  had  accepted  the  definitions  developed 
by  the  Laboratory  that  excluded  the  designation 
of  food  fish  to  eggs,  sac  fry,  fingerlings  (as  de- 
fined), and  brood  fish  of  cultured  species.  The 
definitions  were  to  be  published  in  the  Federal 
Register  in  October,  and  a  1-  to  2-month  period 
was  to  be  allotted  for  comments  or  hearing  before 
the  acceptance  of  the  definitions  becomes  official. 
This  ruling  will  allow  registration  of  fishery 
chemicals  for  these  categories  of  fishes  without  the 
necessity  for  performing  all  the  tests  required  for  a 
food  use  registration — thus  providing  substantial 
savings  in  funds  and  manpower. 

The  Laboratory  developed  a  list  of  what  were 
considered  to  be  the  priority  chemicals  currently 


used  by  hatcheries  and  in  other  fishery  work,  in  an 
attempt  to  gain  support  for  additional  funds 
needed  for  registration-oriented  research.  The 
priority  needs  were  as  follows: 

.  A  fungicide  to  replace  malachite  green 

•  Registration  of  a  quaternary  ammonium 

compound 

•  A  broad  spectrum  antibiotic 

•  A  bacterial  gill  disease  control  agent 

•  Reregistration  of  rotenone 

•  Extension  of  the  label  for  Furanace  to 

allow  use  on  food  fish 

•  Further  research  on  GD-174,  a  selective 

piscicide 

•  Extension  of  the  label  for  Masoten  to 

allow  use  on  food  fish 

•  Reregistration  of  antimycin 

•  Completion  of  registration  of  quinaldine 

sulfate 

•  Registration  of  erythromycin 

Using  the  list  of  priority  chemicals,  the  Labora- 
tory determined  what  essential  contract  studies 
could  be  funded  as  funds  become  available.  In 
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order  of  priority  the  chemicals  and  studies  are  as 
follows: 

•  Quinaldine  sulfate — 90-day  subacute  oral 

(rat) 

•  Hyamine  1622 — teratology  (rabbit) 

•  Hyamine  3500 — 2-year  oncogenicity  (rat) 

.  Ames     mutagenicity    tests     on    new    candi- 
date compounds 

•  Furanace — 2-year  oncogenicity  (rat) 

•  Hyamine  1622 — metabolism  (rat) 

•  Hyamine  1622 — 2-year  oncogenicity  (rat) 
.  Hyamine  3500 — 2-year  oncogenicity 

(hamster) 

•  Hyamine  1622 — 2-year  oncogenicity 

(hamster) 

Toxicity  of  the  Piscicide  GD-174.  Rotenone  and 
antimycin  are  currently  the  only  two  piscicides 
registered  for  use  in  the  United  States.  Through  an 
intensive  screening  program  for  selective  chemi- 
cals for  the  control  of  undesirable  fish  popula- 
tions, Laboratory  studies  in  1974  had  shown  that  a 
terpine  derivative,  2-(digeranylamino)-ethanol 
(GD-174)  was  more  toxic  to  carp  than  to  other 
warmwater  species. 

Although  the  chemical  has  shown  great  promise 
in  laboratory  studies  as  a  general  toxicant  and 
potential  for  the  selective  control  of  carp,  results 
in  field  applications  have  been  inconsistent.  Con- 
sequently, we  designed  laboratory  toxicity  tests  to 
weigh  the  individual  effects  of  photodegradation, 
turbidity,  aquatic  vegetation,  pH,  and  tempera- 
ture. We  found  that  the  activity  of  the  compound 
was  reduced  in  cold  water,  in  acid  water,  and  in 
turbid  water  where  bentonite  or  Crowley  silt  loam 
were  the  major  components,  and  in  water  contain- 
ing the  waterweed  Elodea  sp.  The  activity  was  not 
affected  by  exposure  to  ultraviolet  light  or  duck- 
weed (Lemna  sp.),  or  in  turbid  waters  where  tur- 
bidities were  produced  by  kaolin  or  barium  sul- 
fate. The  factors  affecting  activity  may  preclude 
the  use  of  this  compound  as  a  general  or  selective 
fish  toxicant;  however,  the  identification  of  a 
compound  which  carp  cannot  metabolize  as  well 
as  other  warmwater  fish  is  extremely  important, 
because  it  may  lead  to  the  discovery  of  a  related 
compound  or  analogue  that  is  better  su'ted  for  use 
as  a  general  fish  toxicant. 

Development  of  GD-174  in  Field  Tests.  In  pond 
tests,  routine  on-site  bioassays  in  plastic  bags  have 
failed  to  predict  the  effective  concentration  of 
GD-174  in  50  to  75%  of  the  experiments.  Tests 
were  conducted  to  determine  whether  differences 
in  water  chemistry  develop  between  water  inside 


the  bags  and  that  in  the  pond  from  which  they 
were  filled.  Temperature,  pH,  dissolved  oxygen, 
C02,  total  hardness,  and  alkalinity  were  moni- 
tored inside  and  outside  the  bags.  There  was  little 
variation  in  any  of  the  factors  between  water  in 
the  bags  and  water  in  the  pond.  The  only  factor 
known  to  be  different  between  bag  and  pond  was 
intensity  of  ultraviolet  light,  and  laboratory  tests 
indicated  no  significant  effect  of  ultraviolet  light 
on  activity  or  degradation  rate  of  the  chemical. 

Further  testing,  in  which  fish  were  used  as  indi- 
cators of  toxicity,  was  done  to  determine  degrada- 
tion rates  of  GD-174  in  bioassay  bags  and  in 
ponds.  In  one  test  the  chemical  degraded  substan- 
tially faster  in  the  pond  (3  hours)  than  in  the  bags 
(19  hours).  Three  other  tests  showed  about  equal 
degradation  rates  in  bags  and  in  ponds.  These  tests 
showed  the  degradation  rates  to  be  short  (12  hours 
maximum  in  ponds)  and  also  variable.  The  rapid 
and  variable  degradation  rate  was  considered  a 
very  significant  factor  in  the  erratic  activity  of  this 
toxicant.  The  multiple  factors  that  affect  the 
toxicity  of  GD-174,  some  additive  and  some  an- 
tagonistic, will  make  it  difficult  to  use  this  toxi- 
cant selectively  in  the  field. 

Four  pond  treatments  were  designed  to  be  selec- 
tive against  carp,  and  a  fifth  was  intended  to 
eradicate  all  species.  The  first  selective  test  was 
done  in  winter  in  two  small,  acidic  ponds.  A  treat- 
ment of  the  first  pond  at  0.875  /A/I  (pH  5.86) 
killed  all  rainbow  trout  and  some  spotted  suckers 
(33%)  and  carp  (20%),  but  none  of  the  remaining 
12  species.  A  0.625-^1/1  treatment  in  the  second 
pond  (pH  6.56)  eliminated  the  rainbow  trout,  two 
species  of  suckers,  and  carp,  but  killed  few  fish  of 
the  other  10  species  except  for  about  17%  of  the 
brown  bullheads. 

The  second  selective  test  was  done  in  a  farm 
pond  that  contained  an  indigenous  population  of 
largemouth  bass  and  bluegills  and  12  other  species 
stocked  several  days  before  exposure.  A  0.9-/d/l 
treatment  applied  to  a  pond  with  a  pH  of  8.1 
killed  all  spotted  suckers  and  various  percentages 
of  other  species — carp,  nearly  99;  white  bass,  32; 
yellow  perch,  10;  white  crappie,  5;  and  brown 
bullheads,  3.  Some  phytoplankton  was  killed,  but 
not  enough  to  depress  dissolved  oxygen  concen- 
trations. 

The  third  test  was  done  in  the  same  two  ponds 
as  the  first  trial,  but  for  this  test  both  ponds  were 
fertilized  and  limed  to  produce  fairly  dense  plank- 
ton blooms  and  a  high  pH  (about  9.5).  A  selective 
treatment  (0.75  /d/1)  in  the  pond  containing  12 
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species  removed  spotted  suckers  (80%),  carp 
(74%),  brown  bullheads  (5%),  and  a  number  of 
fathead  minnows.  The  attempted  total  treatment 
of  the  other  pond  (1.75  /d/1)  eliminated  15  of  18 
species,  but  failed  to  kill  about  3%  of  the  large- 
mouth  bass,  8%  of  the  green  sunfish,  and  56%  of 
the  bowfins.  A  marked  reduction  of  the  plankton 
population  strongly  depressed  dissolved  oxygen 
concentrations,  but  not  to  lethal  levels. 

Separate  experiments  demonstrated  that  large- 
mouth  bass  and  bluegills  exposed  to  GD-174  ap- 
plications in  three  consecutive  tests  in  1977  pro- 
duced normal  crops  of  young  in  1978.  Still  an- 
other test  in  four  ponds  showed  that  benthic  inver- 
tebrates and  zooplankters  were  only  slightly  af- 
fected by  0.09-/^1/1  treatments  that  eradicated 
adult  carp. 

Detection  of  GD-174.  A  gas  chromatographic 
method  for  the  analysis  of  the  candidate  toxicant 
GD-174  in  fish  has  been  developed.  Muscle  tissue 
of  largemouth  bass  and  channel  catfish  exposed  to 
0.3  mg/1  of  GD-174  for  4  hours  contained  0.97 
and  2.30  j*g/g,  respectively,  immediately  after  the 
exposure.  However,  after  14  days  in  water  free  of 
GD-174  the  concentration  had  declined  to  less 
than  0.01  /xg/g  in  largemouth  bass  and  0.05  jtg/g 
in  channel  catfish,  indicating  that  the  chemical  is 
eliminated  by  fish  after  their  withdrawal  from 
contact  with  the  chemical. 

In  two  ponds  treated  with  GD-174,  the  com- 
pound was  mixed  by  circulating  the  water  with  an 
outboard  motor.  Both  ponds  were  sampled  at  the 
deepest  point.  The  pond  treated  at  a  concentration 
of  1.5  mg/1  contained  1.34  mg/1  at  the  top  and 
1.44  mg/1  at  the  bottom.  The  pond  treated  at  0.5 
mg/1  contained  0.5  mg/1  at  the  top  and  0.35  mg/1 
at  the  bottom.  Four  days  after  treatment  the  pond 
treated  at  1.5  mg/1  contained  0.6  mg/1,  and  the 
one  treated  at  0.5  mg/1  contained  0.1  mg/1.  These 
studies  verify  that  the  distribution  of  the  chemical 
in  the  ponds  was  fairly  uniform,  and  that  its  con- 
centration was  decreasing  due  to  degradation  or 
binding. 

Metabolism  of  Thanite.  Residues  of  a  Thanite 
metabolite  (isobornyl-a-[methylthio]acetate)  in 
carp  exposed  to  1  mg/1  of  Thanite  for  8  hours  at 
12°  C  in  well  water  were  measured  in  muscle 
plasma  and  gallbladder  bile.  No  parent  compound 
was  detected  in  any  of  the  samples.  The  highest 
concentration  of  metabolite  (0.734  ^g/g)  was 
found  in  muscle  samples  taken  immediately  after 
exposure.  After  48  hours  of  withdrawal  in  fresh 
water,  muscle  residues  had  declined  to  0.028  /xg/g. 


Plasma  and  bile  contained  0.185  and  0.210  /*g/ml, 
respectively,  at  0  hour.  No  residues  of  Thanite 
were  detected  after  48  hours  of  withdrawal. 


Largemouth  bass  commonly  survive  exposures  to  GD- 
174  that  are  lethal  to  carp  and  suckers.  Photo  by  L.  l. 
Marking. 

Toxicity  of  Nitrate,  Nitrite,  and  Ammonia 
Nitrogen.  Among  these  nitrogen  forms,  nitrite 
was  the  most  toxic  to  aquatic  invertebrates.  The 
48-hour  LC50  for  Daphnia  was  2.95  mg/1  for 
nitrite,  30.8  mg/1  for  ammonia,  and  125  mg/1  for 
nitrate  nitrogen.  The  glass  shrimp  was  the  most 
sensitive  invertebrate  exposed  to  the  nitrogen  com- 
pounds; however,  its  sensitivity  was  not  affected 
by  changes  in  water  hardness,  temperature,  or  pH. 
As  with  other  fishery  compounds,  the  exotic  clam 
Corbicula  was  more  resistant  than  native  clams  or 
fish  to  nitrite  nitrogen. 

The  blood  of  nitrite-poisoned  vertebrates  is  re- 
ported to  turn  brown  due  to  a  reaction  between 
nitrite  and  hemoglobin  that  produces  methemo- 
globin.  We  found  that  a  similar  effect  was  pro- 
duced by  exposing  larvae  of  the  bloodworm  midge 
to  nitrite  nitrogen.  These  midges  are  one  of  only  a 
few  invertebrates  that  have  a  hemoglobin-like  res- 
piratory pigment.  About  60%  of  the  larvae  ex- 
posed to  5.0  mg/1  of  nitrite  nitrogen  lost  their  nor- 
mal red  body  coloration  within  3  hours. 
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Some  clams  emerged  from  overlays  of  6  to  10  inches  of  silt  or  sand.  Photo  by  L.  L.  Marking. 


Mature  female  pocketbook  clam  displaying  siphons  and 
mantle.  It  is  suspected  that  this  behavior  attracts  host 
fish.  Photo  by  L.  L.  Marking. 


Effects  of  Silt  and  Sand  Sedimentation  on 
Freshwater  Mussels.  Considerable  attention  has 
been  given  in  recent  years  to  the  preservation  of 
aquatic  organisms,  especially  those  bottom-dwell- 
ing species  that  cannot  evade  the  adverse  effects  of 
man's  activities  on  aquatic  ecosystems.  The  Mis- 
sissippi River  is  continually  subjected  to  intensive 
commercial  and  recreational  uses  that  have  in- 
cluded major  alteration,  such  as  the  construction 
of  wingdams  and  navigation  structures.  Environ- 
mentalists have  recognized  the  biological  and  eco- 
logical implications  of  some  of  these  alterations 
and  have  tried  to  reduce  or  restrict  environmental 
changes  by  resorting  to  legal  actions  based  on  re- 
quirements established  in  environmental  impact 
statements,  government  permits,  or  the  Endan- 
gered Species  Act  of  1973.  Although  the  Missis- 
sippi River  system  has  stabilized  somewhat  since 
the  navigation  system  was  developed,  mainte- 
nance dredging  will  always  be  required  to  ensure  a 
9-foot  navigation  channel  because  sand  and  silt 
are  constantly  shifting.  Erosion  of  silt  and  sand 
have  been  reported  to  be  the  most  outstanding  fac- 
tors producing  changes  throughout  the  Mississippi 
River  system  and  may  be  responsible  for  the  deci- 
mation of  mussel  populations.  The  Corps  of  Engi- 
neers, which  is  responsible  for  maintaining  the 


70 


navigation  channel,  has  expressed  concern  about 
the  effects  of  burying  clams  under  river  sediments 
at  varying  rates  and  depths.  Because  of  these  con- 
cerns, the  Corps  issued  a  contract  to  the  Labora- 
tory to  determine  the  acute  effects  of  dredge  spoils 
on  three  species  of  mussels:  pig-toe  (Fusconaia 
flava),  fat  mucket  (Lampsilis  radiata  luteola),  and 
pocketbook  (L.  ventricosa).  Our  results  showed 
that  over  50%  of  the  fat  mucket  and  pocketbook 
clams  were  able  to  emerge  from  about  7  inches  of 
sand  or  silt  overlays,  but  that  pig-toe  clams  were 
unable  to  negotiate  4  inches  of  silt. 

The  ability  of  clams  to  emerge  from  soil  over- 
lays is  perhaps  related  to  variations  among 
species.  Pocketbook  clams  are  large  and  have  a 
broad,  strong  foot  with  which  to  gain  traction  for 
movement  in  sand  or  silt.  They  also  demonstrated 
their  mobility  characteristics  by  traveling  up  to  6 
feet  on  the  sand  substrates  before  burial.  On  the 
other  hand,  pig-toe  clams  are  much  smaller  and 
demonstrated  less  ability  to  move  laterally  on  top 
of  the  substrate  or  vertically  through  the  soil 
overlays. 

Our  studies  showed  that  the  type  of  soil  overlay 
made  little  difference  in  the  emergence  of  fat 
mucket  and  pocketbook  clams.  Emergence  is  ac- 
tually a  first  step  in  survival;  later  steps  involve  the 
adaptation  to  new  substrates  or  migration  to  a 
suitable  substrate.  Our  studies  also  showed  that 
most  emergence  occurred  within  6  hours  after  the 
animals  were  covered.  If  clams  are  able  to  emerge 
from  6  inches  of  overlay  within  6  hours,  perhaps 
they  could  emerge  from  greater  depths  if  the  sedi- 
ments were  applied  over  a  longer  period  of  time. 


Academy,  Leetown,  West  Virginia;  and  the  Ex- 
perimental Hatchery,  Leetown,  West  Virginia. 
The  Center  serves  as  an  international  focal  point 
for  these  functions,  to  keep  Service  and  national 
fishery  interests  abreast  of  worldwide  fishery  ac- 
tivities. The  Fisheries  Center  complex  arrange- 
ment is  designed  to  efficiently  serve  the  needs  of 
management  and  of  the  fishery  resource.  The  Cen- 
ter is  situated  on  approximately  150  acres  in  West 
Virginia's  Eastern  Panhandle;  the  modern  facili- 
ties and  rural  environment  provide  an  excellent 
setting  for  research,  training,  and  developmental 
programs. 

Highlights  include  the  expansion  of  the  library 
formerly  at  the  Fish  Health  Research  Laboratory 
and  its  elevation  to  the  status  of  a  Center  Library, 
complete  with  modern  ADP  storage  and  retrieval 
capabilities  through  the  Department  of  the  Inte- 
rior Library  and  other  contract  sources. 

The  Library  will  now  be  able  to  provide  users 
ready  access  to  national  and  international  litera- 
ture related  to  fish  husbandry  research.  Not  only 
can  users  search  our  data  base  from  anywhere  in 
the  United  States,  but  users  can  submit  searches  to 
us  for  processing  in  related  data  bases  as  well. 
Through  Lockheed,  Systems  Development  Cor- 
poration, Bibliographic  Retrieval  Services,  and 
the  National  Library  of  Medicine,  we  have  access 
to  more  than  100  data  bases.  Searches  can  be  by 
author,  genus  or  species  names,  corporate  body 
names,  geographic  names,  journal  name,  date, 
keywords  or  descriptors,  or  significant  words  in 
the  title  and  abstract. 


LEETOWN  NATIONAL  FISHERIES  CENTER 


NATIONAL  FISH  HEALTH 
RESEARCH  LABORATORY 


The  National  Fisheries  Center — Leetown  was 
established  in  October  1977  by  combining  all  fish 
husbandry  research,  development,  and  training 
activities  into  a  comprehensive  unit  to  focus  on 
national  fishery  needs  and  objectives.  The  Center 
now  comprises  the  Fish  Health  Research  Labora- 
tory, Leetown,  West  Virginia;  the  Tunison 
Laboratory  of  Fish  Nutrition,  Cortland,  New 
York;  the  Fishery  Research  and  Development 
Laboratory,  Wellsboro,  Pennsylvania;  the  Fish 
Farming  Experimental  Station,  Stuttgart, 
Arkansas;  the  Southeastern  Fish  Cultural  Labora- 
tory, Marion,  Alabama;  the  Fish  Genetics 
Laboratory,    Beulah,    Wyoming;    the    Fisheries 


Diagnostic  Methods  for  the  Major  Bacterial 
Diseases  of  Fishes.  Rapid  and  accurate  diagnostic 
procedures  are  essential  for  effective  control  of 
diseases.  Accordingly,  we  have  concentrated  on 
adaptation  of  serological  procedures  for  diagnosis 
of  bacterial  kidney  disease,  furunculosis,  and 
enteric  redmouth  disease.  The  indirect  fluorescent 
antibody  test  (IFAT)  has  proved  rapid  and  accu- 
rate in  diagnosis  of  all  three  of  these  diseases.  The 
IFAT  is  carried  out  in  two  steps  and  consists  of 
treating  test  material  from  fish  with  a  specific  anti- 
serum, followed  by  the  addition  of  a  second  serum 
that  is  coupled  with  a  fluorescent  dye.  Bacteria 
that    retain    the   dye    fluoresce    brilliantly   when 
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viewed  with  a  microscope  equipped  with  an  ultra- 
violet light  source.  Although  the  IFAT  is  more 
rapid  than  methods  previously  used,  1  Vi  to  2 
hours  are  required  to  perform  the  test.  Therefore, 
a  direct  fluorescent  antibody  test  (FAT)  was  de- 
veloped for  the  three  bacterial  diseases.  The  direct 
FAT  can  be  completed  in  7  minutes  and  is  a  one- 
step  test  in  which  the  fluorescent  dye  is  coupled  di- 
rectly to  specific  antisera.  The  direct  FAT  for 
diagnosis  of  kidney  disease,  furunculosis,  and 
enteric  redmouth  disease  is  now  being  evaluated 
under  field  conditions. 

Transmission  of  Bacterial  Kidney  Disease  and 
Detection  of  Carrier  Fish.  Last  year  we  reported 
that  the  bacterium  causing  kidney  disease  (KD)  in 
salmon  and  trout  is  vertically  transmitted  (passed 
from  parent  to  offspring  with  eggs  or  sperm),  and 
that  disinfection  of  fertilized  eggs  with  organic 
iodine  solution  does  not  prevent  transmission. 
Vertical  transmission  is  one  way  in  which  kidney 
disease  is  perpetuated — sometimes  by  infected  fish 
that  simply  carry  the  kidney  disease  bacterium  but 
do  not  become  clinically  sick.  Such  carriers  pose  a 
threat  to  healthy  salmon  and  trout  and  it  is  impor- 
tant they  be  detected  to  avoid  infection  of  healthy 
stocks.  The  direct  FAT,  described  earlier,  is  used 
to  detect  KD  bacteria  in  carriers.  Results  of  exami- 
nation of  several  hundred  carrier  trout  have 
shown  that  feces  may  provide  the  best  material  for 
such  detection.  This  sampling  procedure  is  desir- 
able for  use  on  valuable  brood  stock  because  it  is 
nondestructive.  Evaluation  of  the  direct  FAT  with 
fecal  material  is  being  continued. 

Clearance  of  an  Additional  Antibacterial  Drug 
for  Treatment  of  Bacterial  Fish  Diseases.  Only 
sulfamerazine  and  terramycin  have  as  yet  been 
cleared  by  the  Food  and  Drug  Administration 
(FDA)  for  use  on  food  and  sport  fishes.  Often 
these  drugs  fail  to  control  bacterial  diseases,  prin- 
cipally because  the  causative  bacteria  have  become 
resistant  to  them.  Therefore  we  have  been  testing  a 
potentiated  sulfonamide  for  FDA  clearance.  The 
drug  contains  a  sulfonamide  (sulfadimethoxine) 
and  a  potentiator  (ormetoprim).  The  potentiator 
increases  antibacterial  activity  and  we  have  found 
that  furunculosis  can  be  controlled  with  much  less 
of  the  potentiated  sulfonamide  than  with  sulfa 
alone.  We  have  been  cooperating  with  the  manu- 
facturer, Hoffman  La  Roche,  Inc.,  to  obtain  data 
for  FDA  clearance  of  the  drug,  which  is  now  re- 
ferred to  as  RO5-0037.  We  hope  to  obtain  clear- 
ance for  treatment  of  furunculosis,  enteric  red- 
mouth  disease,   and   vibriosis.   Initial  data  have 


been  submitted  to  FDA. 

Fish  Virus  Isolation:  an  Evaluation  of  Decon- 
tamination Procedures.  Wild  and  propagated 
fishes  are  susceptible  to  a  number  of  diseases 
caused  by  viruses.  Infection  with  the  more  serious 
viruses  usually  results  in  the  death  of  young  fish, 
particularly  those  less  than  6  months  old.  Infected 
adults  and  some  of  the  infected  young  survive  and 
become  lifelong  carriers  of  the  virus.  These  car- 
riers are  a  source  of  virus  for  later  disease  out- 
breaks. A  necessary  step  in  controlling  the  spread 
of  viral  diseases  is  the  detection  and  identification 
of  the  viral  agent. 

Conventional  cell  culture  methods  are  currently 
used  for  virus  isolation.  However,  tissues,  body 
fluids,  and  solids  used  as  samples  in  a  virological 
examination  may  contain  bacteria,  fungi,  and 
parasites.  The  growth  of  these  contaminants  must 
be  suppressed  so  that  virus-specific  effects  can  be 
detected  in  infected  cell  cultures.  Two  methods  are 
currently  used  to  control  such  contamination — 
membrane  filtration  by  which  microbial  contami- 
nants and  larger  particulate  matter  are  retained  on 
a  cellulose  filter  and  thereby  removed  from  the 
sample,  and  antibiotic  treatment  by  which  the 
growth  of  microbial  contaminants  is  inhibited  by 
the  use  of  concentrations  of  antibiotics.  Both 
methods  are  effective,  but  are  expensive  or  require 
prolonged  treatment  before  cell  culture  inocula- 
tion. Improvements  in  the  antibiotic  treatment 
method  have  yielded  an  effective  cost-  and  time- 
efficient  procedure.  The  antibiotic  gentamicin,  a 
mixture  of  penicillin,  streptomycin,  and  nystatin, 
was  found  to  be  effective  at  conventional  levels 
and,  in  addition,  required  no  pretreatment  period 
before  cell  culture  inoculation.  This  improved 
procedure  reduced  sample  preparation  time  by  2 
to  6  hours  and  greatly  reduced  the  cost  per  sample. 

Establishment  of  a  Cell  Culture  Repository. 
Unlike  bacteria  and  fungi,  which  can  grow  on 
inanimate  materials,  viruses  require  living  cells  in 
which  to  multiply  and  indeed  are  generally  de- 
tected by  observing  changes  in  the  appearance  of 
infected  cells.  Research  and  diagnostic  labora- 
tories maintain  cells  in  single-layer  cultures  in 
glass  or  plastic  bottles  or  as  cells  in  suspension. 
The  growth  requirements  of  the  cells  are  supplied 
by  a  liquid  nutrient  medium,  and  the  cultures  are 
subdivided  to  ensure  a  continuing  supply.  Cell  cul- 
ture stocks  are  periodically  replaced,  either  as  a 
requisite  of  good  management  practice  or  as  the 
result  of  microbial  contamination  or  some  other 
unfortunate      incident.      Replacement      cultures 
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should  be  of  high  quality  and  free  of  detectable 
microbial  contaminants.  To  assist  in  the  replace- 
ment of  fish  cell  cultures,  the  National  Fish  Health 
Research  Laboratory  has  established  a  repository 
of  selected  fish  cell  lines.  The  cell  cultures  have 
been  tested  for  quality  and  are  certifiable  as  free 
of  detectable  contaminants,  including  myco- 
plasmas. The  cells  are  stored  under  liquid  nitrogen 
and  should  remain  viable  for  at  least  10  to  15 
years.  The  following  five  cell  lines  are  now  avail- 
able for  distribution:  bluegill  fry  (BF-2),  brown 
bullhead  (BB),  chinook  salmon  embryo  (CHSE), 
fathead  minnow  (FHM),  and  rainbow  trout  gonad 
(RTG-2). 

Detection  of  Mycoplasma  in  Fish  Cell  Cultures. 
The  growth  requirements  of  cells  in  culture  are 
supplied  by  a  liquid  nutrient  medium  which,  un- 
fortunately, also  provides  an  ideal  environment 
for  the  multiplication  of  bacteria,  fungi,  and  other 
microbial  entities.  The  detection  of  these  contami- 
nants is  of  preeminent  concern  in  cell  cultivation. 
The  effects  of  bacterial  and  fungal  contamination 
are  generally  dramatic — the  cells  may  be  killed 
and  the  media  may  become  cloudy  or  contain 
visible  clumps  of  the  contaminant.  Another  of  the 
cell  culture  contaminants  are  the  mycoplasmas, 
which  are  bacteria-like  organisms.  Mycoplasmas 
have  rather  strict  growth  requirements  and  are 
usually  difficult  to  detect;  however,  their  detection 
is  important  because  they  can  affect  the  properties 
of  the  cell  culture.  Mycoplasma  infection  may  kill 
the  cells  or  produce  no  visible  effects;  may  mimic 
the  effects  of  or  decrease  the  sensitivity  to  viruses; 
or  may  interfere  with  cell  metabolic  functions.  Al- 
though many  methods  have  been  proposed  for 
mycoplasma  detection  in  mammalian  cell  culture, 
applications  to  fish  cell  cultures  have  been  limited. 
We  evaluated  two  detection  methods  for  their  effi- 
cacy in  fish  cell  culture  systems.  A  bisbenzamide 
staining  method,  which  reveals  chromosomal 
nucleic  acid  as  a  fluorescent  lime  green  color,  was 
found  to  be  sensitive  and  rapid.  A  second  method 
commonly  used  in  mammalian  cell  culture,  in 
which  radioactive  materials  are  included  in  the 
chromosomal  nucleic  acid,  was  unsatisfactory  be- 
cause the  fish  cells,  unlike  some  mammalian  cells, 
included  the  radioactive  material  into  the  cellular 
chromosomes,  giving  false  positive  results.  The 
bisbenzamide  staining  method  reduces  by  7  days 
or  more  the  time  required  to  evaluate  cell  cultures 
for  mycoplasma  contamination. 

Suspension  Cultures  of  Fish  Cells.  The  estab- 
lishment of  suspension  cultures  of  fish  cells  has 


Fluorescent  stains  provide  identification  tag  for  life 
stages  of  fish  parasites.  The  most  troublesome  fish 
parasite  is  a  ciliated  protozoan  known  as  "Ich."  (A)  The 
invasive  stage  stained  with  traditional  dyes  shows  com- 
plex interior  features.  (B)  The  invasive  stage  treated  with 
bisbenzamide,  a  specific  dye  for  DNA,  shows  only  the 
small  micronucleus  and  the  larger  macronucleus. 
Nuclear  changes  presage  development  of  adults.  Photo 
by  M.  Markiw. 


several  applications.  Such  cultures  have  found 
routine  use  in  virus  and  vaccine  production  as  well 
as  in  toxicology.  Therefore  we  initiated  studies 
with  four  fish  cell  lines  to  evaluate  the  potential 
for  developing  suspension  cultures.  Ultimately, 
the  fathead  minnow  (FHM)  and  rainbow  trout 
gonad  (RTG-2)  cell  lines  proved  most  adaptable. 
A  program  of  adaptation  to  suspension  culture 
was  begun  with  both  lines.  This  approach  resulted 
in  the  establishment  of  FHM  cells  as  the  first  con- 
tinuous suspension  culture  of  a  fish  cell  line.  The 
culture  has  demonstrated  a  rapid  growth  rate  and 
the  cell  densities  developed  have  been  higher  than 
those  in  conventional  monolayer  cultures.  Viable 
cultures  require  complete  renewal  of  the  medium 
every  7  to  10  days  and  may  offer  excellent  poten- 
tial in  a  perfusion  system.  After  6  months  in  sus- 
pension culture  the  FHM  cells  retain  the  ability  to 
grow  as  a  monolayer.  The  RTG-2  cell  line  has  not 
yet  made  the  transition  to  high-density  growth. 
However,  a  pattern  of  growth  response  similar  to 
that  seen  with  FHM  cells  has  developed  and  the 
cultures  are  being  continued. 

Development  of  Reduced-serum  and  Serum- 
free  Media  for  Use  with  Fish  Cells.  Studies  have 
been  conducted  on  the  development  of  reduced- 
serum  and  serum-free  (synthetic)  media  for  use 
with  cells  of  cold-blooded  vertebrates.  Such  media 
make  possible  more  detailed  cellular  studies,  re- 
duce the  cost  of  cell  culturing,  and  limit  problems 
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A  new  and  pathogenic  fish  herpesvirus  produces 
specific  tissue  damage  in  fish.  (A)  Normal  fish  pancreas 
consists  of  well-defined  enzyme  secreting  cells.  (B) 
Herpesvirus  infection  causes  cells  of  the  pancreas  to 
fuse — a  specific  change  known  only  for  this  virus.  Photo 
by  K  Wolf. 


of  contamination.  The  ability  of  various  synthetic 
and  reduced  serum  media  to  support  the  growth  of 
the  brown  bullhead  (BB),  bluegill  fry  (BF-2),  fat- 
head minnow  (FHM),  and  rainbow  trout  gonad 
(RTG-2)  cell  lines  was  evaluated.  These  cell  lines 
are  commercially  available,  represent  both  fibro- 
blastic and  epithelial  cell  types,  and  are  routinely 
cultured  in  media  with  10%  fetal  bovine  serum. 
Cultures  initiated  in  media  in  which  serum  concen- 
tration had  been  reduced  50,  80,  and  90%  ex- 
hibited growth  proportional  to  the  serum  level. 
After  a  year  in  reduced  serum  culture,  none  of  the 
cell  lines  had  growth  rates  equivalent  to  that  in  the 
10%  serum  medium.  However,  the  quality  of  the 
cells  grown  in  media  in  which  the  serum  concen- 
tration was  reduced  50  and  80%  was  good. 

Other  cell  cultures  were  placed  directly  in 
serum-free  media.  However,  with  two  exceptions, 
none  of  these  commercially  available  media  were 
able  to  maintain  viable  fish  cells.  An  evaluation  of 
serum  substitutes,  media  supplements,  and  com- 
ponents showed  that  many  substitutes  and  supple- 
ments supported  or  even  stimulated  the  growth  of 
fish  cells  in  a  low-serum  medium.  However,  no 
combination  produced  growth  equal  to  that  of  the 
10%  serum  medium.  Increased  concentrations  of 
many  components,  found  in  nearly  all  culture 
media,  had  no  stimulative  effects.  Although  cur- 
rent combinations  of  supplements  and  substitutes 
can  maintain  growing  cultures  of  fish  cells  with 
low  levels  of  serum,  many  refinements  in  media 
formulations  are  still  necessary  before  rapid  rates 
of  cell  growth  can  be  developed. 

Culture  and  Immunization  of  Ichthyophthirius 
multifiliis.  The  pathogenic  protozoan  with  the 
tongue-twisting  name  Ichthyophthirius  multifiliis 
is  better  known  by  its  nickname,  "Ich."  Experi- 
mental infections  are  being  maintained  as  a  reli- 


able and  convenient  source  of  the  adult  organism. 
Adults  are  harvested  as  needed  and  manipulated 
by  temperature  to  divide  repeatedly  to  produce  the 
invasive  stage  known  as  the  tomite.  A  variety  of 
culture  media  are  being  tested  for  ability  to  sup- 
port the  development  of  adults  in  vitro.  Early  re- 
sults with  several  media  are  promising,  but  the 
work  has  also  emphasized  the  need  to  be  able  to 
identify  serologically  transformed  tomites  and  to 
distinguish  them  from  free-living  ciliates.  Methods 
of  deciliation  have  been  found  in  the  literature, 
and  purified  cilia  will  be  used  for  their  highly  anti- 
genic qualities.  A  number  of  antibiotics  are  also 
being  tested — the  purpose  being  to  develop  a  reli- 
able method  of  decontaminating  tomites  without 
disabling  their  mechanism  for  penetrating  nutrient 
media.  Our  long-range  goal  is  the  large-scale  cul- 
ture of  avirulent  tomites  that  can  be  used  to  immu- 
nize fish. 

Fish  Health  News.  Fish  Health  News  is  a  com- 
pilation of  abstracts  of  world  literature  on  topics 
related  to  fish  health.  Printing  of  the  quarterly  for 
5  years  has  been  approved  by  the  President's  Of- 
fice of  Management  and  Budget.  The  authoriza- 
tion also  provides  for  sale  of  yearly  subscriptions 
at  cost  by  the  Government  Printing  Office.  The 
Laboratory  is  authorized  to  distribute  300  free 
copies  to  the  scientific  community;  200  of  these  go 
to  agencies  in  the  United  States,  and  the  rest  to  38 
foreign  countries.  Work  is  under  way  to  com- 
puterize the  storage,  retrieval,  and  ultimately  the 
regular  print-out  of  Fish  Health  News. 

Life  Cycle  and  Control  of  Trout  Whirling  Dis- 
ease. Waterborne  infectivity  was  concentrated  on 
filters  and  assayed  in  susceptible  trout  fry  by 
several  routes  of  inoculation.  Only  the  positive 
control  fish  exposed  by  immersion  developed  dis- 
ease. The  results  clearly  showed  that  waterborne 
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infectivity  was  trapped  on  a  25-micron  filter,  thus 
sizing  the  infectivity  at  nearly  twice  that  reported 
by  other  researchers.  Special  stainless  steel  screens 
of  suitable  sizes  are  being  used  in  attempts  to  con- 
centrate the  infectivity  and  identify  its  form  or  its 
carrier. 

Pathology  of  Rainbow  Trout  Herpesvirus  in 
Fish.  The  virulence  of  the  salmonid  herpesvirus 
was  confirmed  during  the  2nd  year  of  work,  and 
specificity  was  again  shown  for  rainbow  trout. 
Kokanee  fingerlings  proved  to  be  refractory  under 
conditions  that  resulted  in  total  mortality  of  rain- 
bow trout.  Moribund  victims  were  fixed  and  sent 
to  the  Armed  Forces  Institute  of  Pathology  for 
embedding,  sectioning,  and  staining.  Major 
pathological  changes  were  found  in  the  blood- 
forming  and  excretory  tissues  of  the  kidneys,  and 
secondarily  in  the  liver,  spleen,  and  pancreas.  The 
most  noteworthy  findings  are  fusion  of  cells  of  the 
pancreas  and  liver,  resulting  in  the  production  of 
giant  cells,  a  distinctive  change  that  permits  diag- 
nosis where  viral  isolation  capability  is  lacking. 

A  direct  fluorescent  antibody  test  has  been  de- 
veloped for  the  salmonid  herpesvirus.  The  test  is 
applied  to  monolayer  cultures  of  cells  and  results 
are  available  in  about  1  hour.  Because  the  first 
antiserum  tested  has  a  low  titer,  a  revised  schedule 
of  immunization  will  be  tried. 

Development  of  Fish  Cell  Lines.  Cell  lines 
initiated  from  American  shad,  striped  bass,  and 
kokanee  are  all  more  than  a  year  old,  and  have 
been  subcultured  from  11  to  20  times.  All  lines 
have  been  used  in  diagnostic  services  or  research, 
or  both.  A  world  survey  of  literature  and  research 
laboratories  has  been  made  to  compile  informa- 
tion on  existing  fish  cell  lines.  There  are  now  50 
different  fish  cell  lines  representing  14  families  of 
fish.  The  compilation  is  available  to  scientists  and 
diagnosticians  who  need  the  information. 

Biologies:  Antisera  and  Antigens  for  Serodiag- 
nosis.  The  Biologies  section  produces  antisera  and 
antigens  for  use  in  serodiagnosis  of  fish  diseases. 
Over  the  last  year  more  than  450  vials  of  lyo- 
philized  antisera  were  distributed  upon  request, 
mainly  to  Federal  biologists  and  the  in-house  re- 
search staff.  When  Biologies  supplies  were  suffi- 
cient, requests  were  also  filled  for  State,  univer- 
sity, private,  and  foreign  agencies.  These  stand- 
ardized biologies  help  to  bring  uniformity  to  the 
highly  complex  and  diversified  field  of  fish  disease 
serodiagnosis. 

The  production  of  biologies  is  regulated  by  the 
number  of  requests.  For  instance,  antisera  to  Yer- 


sinia ruckeri,  the  causative  agent  of  enteric  red- 
mouth  disease  of  trout,  and  Aeromonas  salmo- 
nicida,  the  agent  of  furunculosis,  are  the  two  anti- 
sera in  most  demand;  therefore,  more  rabbits  are 
immunized  with  these  fish  disease  agents  than  with 
others.  In  each  case,  the  antiserum  is  carefully  de- 
fined as  to  antibody  titer  and  specificity  before 
being  placed  in  the  Biologies  file.  When  possible, 
the  homologous  antigen  is  distributed,  along  with 
the  antiserum.  Questionnaires  enclosed  with  the 
biologies  distributed  to  the  field  enable  us  to 
evaluate  their  quality  and  use. 

Cellular  Antibody  in  Immunized  Trout.  The 
passive  hemolytic  plaque  assay  (Jerne  technique) 
has  been  adapted  for  the  first  time  to  the  study  of 
the  immune  response  in  rainbow  trout  exposed  by 
injection  or  immersion  to  antigens  extracted  from 
fish  pathogens.  This  technique  enables  the  demon- 
stration of  the  lymphocytes  producing  specific 
antibody  in  spleen  and  kidney  samples.  Specific 
antibody-producing  cells  were  first  found  7  days 
after  exposure;  maximum  numbers  occurred  at 
day  1 1;  and  by  21  days  none  were  detected.  Circu- 
latory antibody,  presumably  resulting  from  the 
functioning  cellular  system,  was  not  demonstrated 
in  the  7-day  sample.  In  trout  held  at  17°  C  the 
maximum  antibody  titers  were  reached  21  days 
after  antigen  exposure. 

Dosage  studies  demonstrating  the  smallest 
amount  of  bacterin  that  could  be  used  to  stimulate 
splenic  lymphocytes  to  produce  antibody  were 
done  with  the  bacterins  from  Yersinia  ruckeri  and 
Aeromonas  salmonicida.  The  minimal  dose  of 
Y.  ruckeri  O-antigen  bacterin  required  by  injec- 
tion was  0.5  fig,  whereas  fish  immersed  in  the  anti- 
gen preparations  for  2  minutes  required  a  concen- 
tration of  5.0  /ig/ml  to  stimulate  the  specific  anti- 
body response.  Doses  for  induction  of  a  response 
to  O-antigen  preparations  of  A.  salmonicida  were 
much  higher:  100  ^g  for  injection  and  500  /xg/ml 
for  immunization  by  immersion. 

Cellular  Activities  in  Disease  Resistance.  Fish 
combat  infectious  bacteria  by  bringing  into  play 
certain  blood  cells  that  literally  "eat"  and  kill  the 
invading  bacteria.  Studies  of  this  process  have  re- 
vealed a  dramatic  difference  between  cell  activities 
related  to  the  presence  or  absence  of  antibody. 
When  fish  blood  serum  contains  antibody  against 
a  particular  bacterium,  the  blood  cells  are  more 
aggressive  in  capturing  and  killing  those  particular 
bacteria.  This  can  be  interpreted  to  mean  that  a 
fish  with  antibody  against  a  pathogen  will  be  more 
resistant  to  the  pathogen  than  a  fish  without  anti- 
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A  trout  blood  cell  which  has  "eaten"  bacteria.  The 
darkened  area  indicated  by  the  "N"  is  the  cell  nucleus. 
Bacteria  "B"  are  seen  as  small  rods  within  the  cyto- 
plasm of  the  cell.  Photo  by  B.  Griffin. 


body.  Studies  are  now  under  way  to  determine  the 
most  effective  way  of  inducing  antibody  produc- 
tion to  protect  fish  from  pathogenic  diseases. 


EXPERIMENTAL  FISH  HATCHERY 


During  the  first  1  Vi  months  of  operation,  59  per- 
sons fished  in  the  ponds  at  the  Experimental 
Hatchery,  for  a  total  of  92  angler-hours.  They 
caught  90  fish,  of  which  45  were  largemouth  bass 
and  21  were  rainbow  trout. 

Newly  hatched  brown  trout  fry  and  hatching 
eggs  were  received  from  the  Bowden  National  Fish 
Hatchery  for  rearing  at  the  Experimental  Hat- 
chery. Past  experience  had  shown  this  particular 
strain  of  brown  trout  to  be  one  of  the  best  in  the 
country,  and  we  hope  to  provide  a  reliable  source 
of  brood  stock.  However,  Bowden  has  had  a  his- 
tory of  disease  problems.  Once  at  the  station  the 
fish  were  kept  in  isolation,  first  in  the  warmwater 
holding  house  and  later  on  the  tank  pad  of  the  new 
Laboratory  complex. 

The  fish  were  carefully  monitored  for  signs  of 
disease.  With  the  assistance  of  the  staff  of  the  Na- 
tional Fish  Health  Laboratory,  we  checked  the 
fish  early  in  their  development  for  both  viral  and 
bacterial  infection  but  none  could  be  detected. 
During  the  course  of  a  9-month  period,  no  dis- 
ease-causing agents  were  found.  Particular  em- 
phasis was  placed  on  the  Corynebactehum  causing 
kidney  disease,  but  none  was  found. 


As  of  October  1,  1977,  the  Leetown  National 
Fish  Hatchery  became  part  of  the  National 
Fisheries  Center — Leetown  and  was  converted 
into  the  Experimental  Fish  Hatchery.  Along  with 
the  change  in  name  came  a  change  in  function. 
For  the  past  several  years  the  hatchery  produced 
50,000  pounds  of  trout  annually.  This  number  was 
greatly  reduced  and  the  hatchery  began  a  wide 
variety  of  projects.  We  became  involved  in  the 
evaluation  of  rainbow  trout  strains,  the  develop- 
ment of  brown  trout  strains,  and  the  administra- 
tion of  a  fishing  area  for  the  handicapped.  This 
change  has  given  more  depth  to  the  hatchery  pro- 
gram, in  that  it  now  produces  not  only  salmonids 
but  also  warm-  and  cool-water  fish  in  a  program 
directed  toward  providing  fishing  for  the  handi- 
capped. 

The  program  designed  to  provide  fishing  for  the 
physically  handicapped  in  the  surrounding  area, 
begun  in  August  1978,  was  initially  successful. 
The  fish  for  the  program  were  collected  by  seining 
or  electrofishing  in  various  lakes  and  streams,  pur- 
chased, or  reared  at  the  station;  some  were 
donated  by  other  Federal  and  State  facilities.  The 
fishing  area  was  built  through  the  efforts  of  the 
Young  Adult  Conservation  Corps,  along  with  the 
Youth  Conservation  Corps  and  the  Center  staff. 


FISHERIES  ACADEMY 

The  Fisheries  Academy  was  created  on  October 
1,  1977,  as  a  functional  element  of  the  National 
Fisheries  Center.  Its  purpose  is  to  provide  tech- 
nical training  to  operating  biologists  of  govern- 
ment organizations  and,  to  a  limited  extent,  pri- 
vate practitioners.  The  continuing  education  and 
development  of  fishery  managers  is  vital  to  the 
perpetuation  of  the  resource.  Plans  are  well  ad- 
vanced for  the  construction  of  a  new  8,000- 
square-foot  building  to  house  the  Academy,  and 
for  major  extensions  of  the  training  program. 

The  traditional  long  course  in  fish  health,  which 
has  long  been  conducted  at  the  former  National 
Fish  Health  Research  Laboratory,  began  in  early 
September  and  will  continue  until  mid-March. 
The  students  include  representatives  of  the  Fish 
and  Wildlife  Service,  Food  and  Drug  Administra- 
tion, Territory  of  Guam,  the  government  of  India, 
the  State  of  Maine,  and  several  universities. 

Planning  for  development  and  delivery  of  a 
long  course  in  fish  husbandry  was  started.  The 
new  program  will  include  training  in  the  culture  of 
warmwater,  coolwater,  and  coldwater  fish,  along 


76 


Handicapped  persons  from  a  local  Veterans  Administration  Center  enjoy  a  leisurely  afternoon  of  fishing  at  the 
recently  opened  fishing  area  located  at  the  Leetown  National  Fisheries  Center.  They  are  aided  by  station  em- 
ployees. Photo  by  H.  M.  Stuckey. 


with  intensive  work  in  administration  and  man- 
agement science. 


TUNISON  LABORATORY 
OF  FISH  NUTRITION 

Progress   in    Nutritional   Energetics   Research. 

Studies  of  energy  metabolism  that  have  been  done 
with  aquatic  animals  are  mostly  by  indirect  oxy- 
gen-consumption methods.  The  heat  equivalent  of 
oxygen  has  not  been  measured  for  fish.  Many 
phases  of  nutritional  energetics  have  not  been  in- 
vestigated because  of  the  lack  of  suitable  equip- 
ment. Preliminary  work  with  a  manually  con- 
trolled adiabatic  calorimeter  indicated  that  direct 


calorimetry  of  fish  was  feasible  and  that  much 
could  be  learned  regarding  energetic  efficiency  of 
fish. 

An  automated  respiration  calorimeter  for  fish 
was  constructed  that  measures  and  records  the 
oxygen  consumption  and  heat  production  of 
groups  of  fish  with  a  total  mass  of  2  kg  and  of 
single  fish  that  weigh  up  to  500  g.  The  measure- 
ment of  ammonia  and  carbon  dioxide  has  not  yet 
been  automated  but  samples  can  be  removed 
periodically  for  the  determination  of  these  waste 
products.  Fish  can  be  held  in  the  calorimeter  for 
extended  periods.  Physical  activity  of  the  fish  can 
be  monitored  and  recorded.  The  fish  can  be  fed 
while  in  the  calorimeter  and  the  heat  increment  of 
feeding  can  be  measured. 
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The  instrument  has  been  calibrated  by  adding 
known  amounts  of  heat  with  an  electric  current 
and  has  given  accurate  and  reproducible  results.  It 
is  expected  that  many  valuable  data  concerning 
energy  metabolism  can  be  obtained  with  this 
instrument. 

Progress  in  Water  Reuse  Research.  We  success- 
fully cultured  salmonids  in  a  pilot-scale,  nearly 
100%  closed-water  reuse  system,  incorporating 
advanced  waste  water  treatments.  Growth  rates 
and  feed  conversions  were  similar  to  those  for  fish 
in  flow-through  systems.  Clarity  of  the  culture 
water  was  excellent;  transparencies  (compared 
with  distilled  water)  were  93%  to  98%.  As  load- 
ings of  the  system  were  increased,  a  stable,  air- 
generated  foam  was  produced  from  suspended 
solid  wastes,  permitting  their  easy  removal  from 
the  system.  This  removal,  along  with  ozone-gener- 
ated froth  removal  of  refractory  dissolved  wastes, 
contributed  to  the  purity  of  the  water. 

In  the  first  trial  we  used  31  6-quart  jars  to  raise 
over  70  pounds  of  rainbow  trout  at  an  average 
food  conversion  of  1.3  on  a  standard  pelleted 
food.  We  calculated  hatchery  constants  for  each 
jar  and  varied  them  from  12  to  14  to  equalize  and 
maximize  the  growth  of  the  fish,  based  on  their 
length  increase  per  fish  per  jar  per  day.  These  cal- 
culations proved  to  be  effective  and  practical  in 
ensuring  economical  closed-system  aquaculture 
through  circumventing  fouling  problems  caused 
by  excess,  unneeded  food  in  any  individual  culture 
unit.  No  disease  or  health  problems  were  ob- 
served, but  the  fish  grew  too  large  for  the  small 
jars  before  the  rated  filtering  capacity  of  the  sys- 
tem (100  pounds)  was  reached.  Body  analyses 
showed  no  differences  among  fish  fed  at  different 
hatchery  constants,  but  the  flesh  of  fish  in  the  re- 
use system  contained  considerably  more  fat  and 
less  water  than  the  flesh  of  those  cultured  in  nor- 
mal, flowing  water. 

In  a  second  trial  we  used  20  5-gallon  jars  to  try 
to  reach  the  full  capacity  of  the  system  at  a  water 
flow  of  16  gallons  per  minute.  Insufficient  water 
changes  took  place,  and  plumbing  changes  will  be 
required  to  ensure  sanitary  conditions  at  loadings 
of  over  70  pounds  of  fish.  Information  from  these 
trials  has  been  applied  to  the  construction  of  a 
larger,  practical  closed-culture  system  with  a  pro- 
jected capacity  of  300  pounds  of  fish,  housed  in  a 
29-  by  16-foot  enclosure  in  our  experimental 
hatchery. 

Progress  in  Research  on  Dietary  Protein  and 
Amino  Acid  Requirements.  Research  with  diets 


containing  corn  gluten  meal  or  herring  meal  as 
sole  sources  of  protein  showed  that  trout  fed  corn 
gluten  meal  without  amino  acid  supplements  grew 
only  6%  as  much  as  the  control  trout  fed  herring 
meal.  The  addition  of  a  mixture  of  essential  amino 
acids  to  the  diets  with  corn  protein  yielded  growth 
and  feed  conversion  fully  as  good  as  that  for  the 
herring  meal  controls.  The  mixture  supplied  seven 
essential  amino  acids,  including  lysine,  arginine, 
tryptophan,  and  others.  Lysine  was  the  major 
essential  component  of  the  mixture  for  optimum 
nutrition,  and  also  prevented  caudal  fin  erosion. 
Some,  but  probably  not  much,  arginine  was 
shown  to  be  needed.  Tryptophan  was  not  needed, 
even  though  corn  protein  contains  little  trypto- 
phan. Feed-grade  lysine  is  commercially  available, 
economical,  and  is  practical  for  use  in  fish  diets. 
Low  levels  of  arginine  may  be  supplied  by  addi- 
tions of  other  protein  feedstuffs  rich  in  this  amino 
acid.  Since  supplemental  tryptophan  is  not 
needed,  and  fish  require  much  less  tryptophan 
than  do  domestic  animals,  fish  may  thrive  on  diets 
containing  protein  supplied  mainly  by  corn  gluten. 
If  so,  the  ingredient  costs  of  trout  diets  may  be 
substantially  reduced. 

Progress  in  Diet-related  Cataract  Research. 
Rainbow  trout  and  lake  trout  fed  a  commercial 
whitefish  meal  as  the  major  source  of  protein  de- 
velop bilateral  lens  cataracts.  In  earlier  work,  a 
new  mixture  of  supplemental  minerals  prevented 
these  cataracts  and  improved  growth  and  feed 
conversions.  Results  of  recent  work  showed  that 
the  addition  of  only  zinc  to  the  same  diet  pre- 
vented cataracts  and  improved  fish  growth. 

This  type  of  cataract  is  also  prevented  by  replac- 
ing the  whitefish  meal  with  herring  meal.  Inas- 
much as  levels  of  zinc  are  similar  in  these  two 
meals,  the  existence  of  simply  a  low  level  of  total 
dietary  zinc  is  apparently  not  the  key  problem; 
something  in  the  whitefish  meal  apparently  inter- 
feres with  either  the  intestinal  absorption  or  the 
metabolism  of  zinc. 

Results  of  these  and  other  experiments  show 
that  salmonids  are  highly  susceptible  to  eye  lesions 
caused  by  deficiencies  of  at  least  four  different 
nutrients.  Feeding  of  a  supplemental  amino  acid 
(methionine)  prevents  lens  cataract  in  trout  fed  a 
diet  containing  a  commercial  isolated  soybean 
protein  as  the  sole  protein.  Trout  fed  a  diet  suffi- 
cient in  protein,  but  lacking  a  water-soluble  vita- 
min (riboflavin),  developed  ocular  lesions  includ- 
ing lens  cataracts,  and  other  degenerative  changes 
in  both  the  lens  and  cornea.  Exophthalmos,  an 
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ocular  lesion  involving  a  markedly  expanded,  thin 
cornea,  and  fluid-filled  chambers,  developed  in 
the  eyes  of  trout  fed  a  diet  deficient  in  the  fat- 
soluble  vitamin  A.  The  lenses  of  these  fish  were 
normal,  but  the  retina  degenerated. 


SOUTHEASTERN  FISH  CULTURAL 
LABORATORY 

Disease  Control.  The  development  of  vaccines 
for  disease  control  is  one  of  the  more  significant 
advances  of  fish  health  research  in  recent  years. 
Some  vaccines  are  commercially  available  for  dis- 
eases of  salmon  and  trout,  but  warmwater  fish  dis- 
eases have  received  much  less  attention.  Studies 
were  begun  at  the  Southeastern  Fish  Culture 
Laboratory  to  develop  a  bacterin  for  immunizing 
channel  catfish  against  the  fish  pathogen  Aero- 
monas  hydrophila.  Tests  conducted  thus  far  show 
that  immunization  occurs — i.e.,  bacterin-injected 
fish  formed  agglutinating  antibodies  and  de- 
veloped protection  against  the  disease.  However, 
various  dosing  methods  used  effectively  for  ad- 
ministering other  vaccines  to  large  groups  of  fish 
have  not  produced  desired  results.  More  work  is 
needed  to  perfect  methods  for  administering  the 
bacterin  and  to  broaden  protection  with  a  bacterin 
of  several  A .  hydrophila  serotypes. 

Fish  Diets.  In  further  studies  to  help  develop 
low-cost  artificial  diets,  striped  bass-white  bass 
hybrids  and  yellow  perch  were  fed  various 
amounts  of  animal  (casein)  and  plant  (soya  bean) 
proteins.  Ratios  of  animal  to  plant  proteins  were 
3:1,  1:1,  1:3,  1:7,  and  4:0  in  experimental  diets 
having  38%  total  protein.  The  diets  were  tested  in 
replicate  groups. 

Hybrids  averaging  about  4  g  at  stocking  gained 
2.0,  2.7,  3.5,  6.5,  and  8.0  g  on  diets  in  which  the 
percentages  of  protein  as  casein  were  12.5,  25,  50, 
75,  and  100,  respectively.  On  the  same  diets  yellow 
perch  averaging  about  5.5  g  at  stocking  gained 
only  0.2,  0.3,  0.8,  1.2,  and  1.2  g  after  12  weeks. 
Growth  of  both  species  correlated  positively  with 
increasing  casein  percentage.  Heat-treated  whole 
soya  bean  meal  was  not  an  adequate  replacement 
for  even  25°/o  of  the  casein. 

Biologic  Control  of  Alligatorweed.  We  initiated 
a  field  evaluation  of  the  stem-boring  moth,  Vogtia 
malloi,  to  control  alligatorweed  in  fish  ponds. 
Moth  larvae  provided  by  the  U.S.  Department  of 
Agriculture,  Stoneville,  Mississippi,  were  used  to 


The  paddlefish,  Polyodon  spathula,  a  primitive  relict  of 
the  past  provides  base-line  physiological  data  against 
which  more  advanced  fish  may  be  measured.  Photo  by 
N.  C.  Parker. 


establish  a  breeding  colony  to  supply  additional 
moths  to  be  released  at  our  test  site.  This  moth 
was  originally  brought  to  the  United  States  from' 
South  America  but  is  now  found  throughout  the 
southern  States.  It  overwinters  only  in  the  more 
southern  regions  of  Florida  and  Louisiana  and 
moves  northward  to  Alabama  in  late  summer. 
Studies  by  the  U.S.  Department  of  Agriculture 
have  shown  its  diet  to  be  restricted  solely  to  alli- 
gatorweed. 

We  released  the  first  moths  in  late  June  1978, 
and  others  throughout  July  and  August.  Examina- 
tion of  the  alligatorweed  mat  in  September  re- 
vealed that  19%  of  the  stems  were  either  wilted  or 
showed  signs  of  earlier  moth  damage.  The  alli- 
gatorweed mat  did  not  develop  to  the  extent  it  did 
in  1977,  before  the  moths  were  introduced.  Our 
Vogtia  culture  being  overwintered  in  the  labora- 
tory will  be  released  in  April  1979,  in  an  attempt  to 
establish  control  earlier  in  the  season. 

Pond  Aeration.  A  2-inch  air-lift  pump  having  a 
4-foot  vertical  entrainment  pipe  moved  water  and 
air  at  the  rates  of  30  and  15  gallons  per  minute,  re- 
spectively, and  added  about  1  ppm  of  oxygen  to 
water  containing  3-4  ppm  oxygen  and  0.3  ppm  of 
oxygen  to  water  containing  5-6  ppm  dissolved  oxy- 
gen. Water  movement  from  the  bottom  and  across 
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the  surface  helped  prevent  stratification  and  pro- 
moted oxygen  transfer  with  the  atmosphere.  To 
empirically  establish  the  carrying  capacity  of 
ponds  equipped  with  air-lift  pumps,  we  stocked  10 
1/20-acre  ponds  with  fingerling  channel  catfish  in 
mid-April.  Ponds  were  stocked  in  duplicate  with 
100,  200,  400,  and  800  fish  per  pond;  two  control 
ponds  without  air-lift  pumps  were  stocked  with 
100  fish  each.  A  sample  of  50  fish  taken  at  the 
time  of  stocking  averaged  15.2  g  in  weight  and 
128  mm  in  length.  The  fish  were  fed  at  the  rate  of 
3%  body  weight  per  day. 

In  ponds  stocked  with  800  fingerlings,  the  fish 
attained  a  density  equivalent  to  10,940  pounds  per 
acre  after  128  days  in  one  pond  and  1 1 ,900  pounds 
per  acre  after  142  days  in  the  other.  When  loading 
densities  reached  about  10,000  pounds  per  acre, 
air-lift  pumps  could  not  maintain  sufficient  dis- 
solved oxygen  at  night,  so  Aqualators  were  used 
from  evenings  to  mornings.  In  early  September, 
half  of  the  fish  in  the  ponds  stocked  with  800  fish 
were  harvested.  The  fish  removed  weighed  274 
and  297  pounds  (individual  weights  averaged  0.68 
and  0.74  pound,  respectively) — a  per-acre  produc- 
tion equal  to  5,480  and  5,940  pounds,  respec- 
tively. In  mid-October,  184  days  after  stocking, 
the  fish  remaining  in  each  of  these  ponds  weighed 
423  and  494  pounds — equal  to  a  further  produc- 
tion of  8,466  and  9,877  pounds  per  acre.  Thus  the 
total  production  for  the  season  was  13,946  and 
15,817  per  acre. 

These  production  estimates  agree  with  others 
that  have  been  developed  where  efficient  aeration 
devices  were  used  to  increase  production  and  pro- 
tect against  losses  from  temporary  low  dissolved 
oxygen  in  heavily  loaded  production  units. 

Larval  Food  for  Striped  Bass.  Continued  ef- 
forts in  1978  to  define  a  better  diet  and  feeding 
regimen  for  larval  striped  bass  included  our 
evaluation  of  four  types  of  postlarva  culture  units 
receiving  fresh  water  or  salt  water  at  controlled 
temperature.  Additional  parts  of  this  work  were 
contracted  to  Auburn  University's  Fisheries  and 
Allied  Aquacultures  group,  whose  studies  evalu- 
ated the  most  promising  dry  diets  tested  in  1977, 
along  with  several  new  formulations,  combina- 
tions of  dry  and  natural  foods,  and  freshwater 
forage  organisms  that  might  be  substituted  for 
brine  shrimp  nauplii. 

Survival  of  striped  bass  fry  fed  several  dry  foods 
or  dry  food  plus  brine  shrimp  was  similar  to  that 
of  fry  fed  only  brine  shrimp.  Fry  growth  was  rea- 
sonably encouraging  in  feeding  trials  that  started 


with  brine  shrimp,  then  combined  brine  shrimp 
and  dry  food,  and  ended  with  only  dry  food.  For 
example,  the  following  estimates  of  increase  in 
length  (mm)  were  recorded:  brine  shrimp  alone, 
7.2;  brine  shrimp  plus  salmon  starter,  3.6;  brine 
shrimp  plus  "W-7"  starter,  2.7;  brine  shrimp  plus 
Tetra-Min  "E,"  2.7;  and  salmon  starter  alone, 
1.2.  Fry  that  fed  on  freshwater  zooplankton  had 
satisfactory  growth  and  survival;  they  chose 
cladocera  over  copepods  and  other  organisms. 
Growth  and  survival  were  also  satisfactory  in  fish 
fed  a  diet  of  rotifers  grown  on  Chlorella. 

Survival  of  striped  bass  fry  in  culture  systems  of 
5  parts  per  thousand  salt  water  (Instant  Ocean) 
was  as  high  as  27  times  that  of  fry  in  fresh  water. 
The  best  designed  culture  unit  for  fry,  which  in- 
cluded provisions  to  help  keep  food  particles  sus- 
pended in  the  water  column,  had  air-lift  pumps  to 
circulate,  aerate,  and  give  the  water  a  slow  laminar 
flow  in  an  oval  20-gallon  tank  having  a  partial, 
vertical  partition  centered  in  the  tank's  long  axis. 

Problems  with  intensive  culture  of  striped  bass 
fry  are  common  to  most  "small-egg"  fishes. 
Though  much  work  has  been  done  in  developing 
an  acceptable  artificial  diet  and  a  suitable  artificial 
environment,  we  still  cannot  recommend  guide- 
lines for  production  use  that  are  better  than  or 
equal  to  nursery  ponds  that  have  rich  zooplankton 
blooms. 

Cryopreservation  of  Sperm.  A  problem  occurs 
in  attempts  at  sperm  preservation  when  diluents 
containing  "extenders"  are  added  to  fresh  sperm 
before  it  is  frozen  in  liquid  nitrogen  vapor.  Ex- 
tenders such  as  dimethylsulfoxide  must  be  added 
to  prevent  ice  crystal  damage  to  cells.  But  motility 
is  lost  when  diluents  are  added  in  the  first  step  of 
the  process.  Loss  of  motility  is  irreversible,  al- 
though freezing  and  subsequent  thawing  does  not 
detectably  alter  cell  structure.  We  have  attempted 
to  solve  this  problem  by  isolating  and  characteriz- 
ing a  natural  constituent  of  seminal  fluid  that  sup- 
presses motility  until  sperm  are  released  in  water 
during  spawning,  and  motility  discharges  natu- 
rally with  dilution  of  the  suppressor.  When  iso- 
lated and  identified,  the  natural  constituent  can  be 
included  in  the  diluent  so  that  sperm  cells  are  kept 
immotile.  Accordingly,  we  fractionated  seminal 
fluid  by  gel  filtration  (Sephadex  G10  and  G15),  a 
method  that  separates  dissolved  constituents  on 
the  basis  of  their  molecular  dimensions.  Fractions 
of  striped  bass  seminal  fluid,  dried  and  reconsti- 
tuted to  original  volumes  of  starting  material  pre- 
served motility  of  whole  sperm.  Only  the  fraction 
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having  major  electrolytes  Na+,  K+,  CI",  and  osmo- 
lalities near  whole  seminal  fluid  were  effective. 
Apparently,  no  larger  constituent  such  as  a  small 
organic  molecule  is  responsible  for  motility  sup- 
pression. Electrolytes  in  specific  relative  and  total 
amounts  apparently  maintain  spermatozoa  im- 
motile. 

Chorionic  gonadotropin  injections,  commonly 
used  to  stimulate  seminal  fluid  production  to  in- 
crease milt  volume,  altered  major  electrolytes  in 
seminal  fluid,  and  presumably  its  quality  as  a 
sperm  carrier;  fresh  sperm  held  in  cold  storage  for 
short  periods  lost  motility  potential  more  rapidly 
than  did  that  from  noninjected  striped  bass.  More 
research  is  required  on  these  and  other  character- 
istics of  the  sperm  carrier,  spermiation,  and  arti- 
ficial extenders  for  sperm  preservation. 

Stress  Physiology.  A  competitive  protein  bind- 
ing assay  was  developed  and  used  to  measure 
adrenal  steroid  hormones  in  fish.  Resting  plasma 
levels  of  such  hormones  in  channel  catfish  appear 
to  be  below  0.5  fig/dl  with  no  evidence  of  a 
diurnal  rhythm.  Handling  stress  (holding  in  a  net 
for  30  minutes)  resulted  in  elevation  of  the  hor- 
mone levels  to  about  4.5  /xg/dl.  These  hormone 
levels  are  much  lower  than  those  reported  for 
salmon,  trout,  and  goldfish.  Methods  are  being 
developed  for  extraction  and  identification  of 
plasma  and  urinary  metabolites  of  adrenal 
steroids  by  high-performance  liquid  chromatog- 
raphy. Separation  of  the  hormones  suspected  of 
being  present  has  been  completed  and  several  ex- 
traction methods  are  being  compared  for  effi- 
ciency of  recovery.  Methods  for  extracting  steroid 
metabolites  from  water  by  adsorption  on  amber- 
lite  beads  are  being  tested.  Such  extraction  will  en- 
able us  to  estimate  stress  on  the  fish  by  sampling 
the  water  without  handling  the  fish. 


FISH  FARMING  EXPERIMENTAL  STATION 

Comparison  of  Feeds  Containing  Full  Fat  Soy- 
beans with  Feeds  Containing  Fish  Nleal  and  Typi- 
cally Available  Feed  Ingredients  for  Catfish  and 
Minnows.  Catfish  and  minnow  producers  desire 
feed  formulations  that  result  in  low  total  food 
costs.  Plant  proteins  supplemented  with  fish  meal 
or  other  animal  proteins  have  been  in  general  use. 
However,  fish  meal  continues  to  increase  in  price, 
and  often  the  better  quality  meals  are  not  obtain- 


able. Ideally,  the  industry  should  have  feeds  avail- 
able that  contain  only  locally  available  low-priced 
ingredients  and  produce  fish  at  an  acceptable  cost. 

The  attractiveness  of  full-fat  soybeans  (FFSB) 
as  food  lies  in  the  fact  that  it  contains  38%  pro- 
tein, which  is  high  in  lysine,  and  18%  fat.  The 
problem  encountered  in  the  past  with  FFSB  is  that 
certain  growth  inhibitors — ureases  and  trypsin  in- 
hibitors in  particular — are  present  in  raw  soy- 
beans. Heat  treatment  of  the  beans  destroys  these 
growth  inhibitors.  Unfortunately  the  heat  re- 
quired to  destroy  the  trypsin  and  the  urease  also 
decreases  the  availability  of  lysine.  The  tempera- 
ture at  which  lysine  availability  starts  decreasing 
and  total  trypsin  inhibitor  and  urease  destruction 
occurs  is  between  325°  and  410°  F. 

Six  feeds  were  formulated  that  contained  dif- 
ferent amounts  of  fish  meal,  and  FFSB  meal  was 
prepared  at  different  temperatures  up  to  405°  F. 
These  feeds  were  fed  to  channel  catfish  in  0.25- 
acre  ponds,  and  the  ponds  were  stocked  and  man- 
aged according  to  currently  recommended 
practices. 

Essentially,  the  performance  of  feed  that  con- 
tained 50%  FFSB  and  no  fish  meal  was  nearly 
identical  with  that  of  feed  that  contained  10%  fish 
meal  and  typical  feed  ingredients.  Production  of 
catfish  exceeded  2,000  pounds  per  acre.  Little  dif- 
ference could  be  detected  in  performance  of  fish 
fed  FFSB  prepared  at  345°,  375°,  or  405°  F. 

In  a  related  experiment  we  compared  the  per- 
formance of  golden  shiners  fed  the  typically  avail- 
able minnow  meal,  which  contains  10%  fish  meal, 
with  shiners  fed  FFSB  meal  supplemented  with 
only  a  vitamin  premix.  The  fish  were  held  in  ponds 
for  75  days  and  managed  according  to  current 
commercial  practices. 

The  average  food  conversion  factor  (amount  of 
feed  fed/fish  weight  gained)  of  golden  shiners  fed 
the  typical  commercial  minnow  meal  was  2.98:1, 
whereas  that  of  fish  fed  the  vitamin-supplemented 
FFSB  was  2.01:1.  Standing  crop  harvested  at  the 
end  of  the  75  days  averaged  502  pounds  per  acre 
for  the  group  fed  minnow  meal  and  624  pounds 
for  the  group  fed  FFSB.  Survival  was  similar  for 
all  fish  and  averaged  about  75%. 

It  appears  that  feeds  prepared  from  heat-treated 
FFSB  could  be  used,  in  place  of  the  currently  fed 
feeds  containing  10%  fish  meal,  for  production  of 
marketable-size  channel  catfish,  as  well  as  min- 
nows, in  ponds.  Since  large  amounts  of  soybeans 
are  readily  available,  and  the  development  of  the 
technology      for     their     heat-treating     appears 
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feasible,  a  high  demand  for  feeds  containing  FFSB 
may  evolve  among  commercial  producers  of 
warmwater  fishes  and  State  and  Federal  producers 
of  sport  fishes. 

Effect  of  Food  Pellet  Size  on  Variation  in 
Growth  of  Channel  Catfish.  Channel  catfish  must 
often  be  graded  before  they  are  marketed  to  re- 
move fish  that  are  too  large  or  too  small  for  sale. 
Methods  of  increasing  size  uniformity  would  de- 
crease grading  time  and  increase  production  effi- 
ciency. Choice  of  feed  pellet  size  may  be  one 
method  of  reducing  size  variation.  A  comparison 
of  channel  catfish  fed  identical  quantities  of  either 
large  (0.10  g)  or  small  (0.04  g)  pellets  showed  that 
fish  offered  the  smaller  pellets  grew  more  uni- 
formly. Apparently,  under  test  conditions,  the  use 
of  numerous  small  pellets  provided  a  more  nearly 
equal  opportunity  for  all  fish  to  obtain  a  portion 
of  the  rations,  and  consequently  growth  was  more 
uniform. 

Evaluation  of  Tube-type  Filters  for  Removing 
Particulate  Matter  in  Discharge  Water  from 
Ponds.  Discharge  of  silt-laden  effluent  into  receiv- 
ing streams,  from  earthen  ponds  used  in  intensive 
fish  production,  can  be  detrimental  to  native 
fishes.  The  Environmental  Protection  Agency 
(EPA)  has  recommended  that  the  maximum 
amount  of  settleable  solids  not  exceed  3.3  ml/1. 
Filter  systems  and  draining  techniques  that  require 
low  capital  investment  and  little  energy  would  be 
of  great  value  to  the  fish-producing  industry  and 
the  various  State  and  Federal  installations  in  meet- 
ing the  EPA  pond-discharge  criteria. 

In  previous  studies,  tube-type  settlers  have  been 
shown  to  reduce  uneaten  feed,  feces,  and  other 
waste  metabolites  in  fish  production  systems  to  an 
acceptable  level.  Possibly  this  technique,  with 
modifications,  could  be  used  to  reduce  soil  par- 
ticles in  pond  discharge  waters  to  3.3  ml/1  or  less, 
and  thus  meet  this  EPA  criterion. 

A  filter  system  of  tube  filters  was  designed  to 
cause  the  waste  water  to  flow  upward  and  be  dis- 
charged through  a  90°  weir.  The  height  of  the  fil- 
ter ranged  up  to  3  feet.  Hydraulic  loads,  which  are 
expressed  as  gallons  per  minute  that  pass  through 
a  square  foot  of  filter  surface,  varied  from  0.2  to 
11.3. 

When  the  level  of  settleable  solids  entering  the 
filter  system  was  varied  from  40  to  less  than 
1  ml/1,  the  maximum  level  of  settleable  solids  in 
the  effluent  leaving  the  filter  was  14  ml/1.  Re- 
moval efficiency  ranged  from  100%  to  negative 
values.  Negative  efficiency  resulted  when  water,  as 


it  passed  through  the  filter,  picked  up  solids  that 
had  been  deposited  earlier.  Thus  the  system 
tended  to  average  the  particulate  load,  but  did  not 
appreciably  reduce  the  total  amount  of  settleable 
solids  exhausted  into  the  environment.  We  specu- 
late that  for  the  tube  filters  to  reduce  the  level  of 
settleable  solids  below  the  3.3  ml/1  maximum 
recommended  by  EPA,  the  system  would  have  to 
be  too  large  and  deep  to  be  practical. 

Effect  of  Solids  Removal  on  Growth  of  Fish  in 
Reuse  Systems.  In  water  reuse  systems,  solids  such 
as  uneaten  feed  and  feces,  and  particulate  matter 
resulting  from  metabolic  waste,  should  (in  theory) 
be  removed  from  the  system  and  not  segregated  in 
one  area  such  as  in  the  filter.  Some  systems  are  de- 
signed for  such  removal,  but  little  is  known  about 
the  volume  and  frequency  of  removal  required. 

Our  studies  showed  that  biweekly  drainages  of 
water  at  the  rate  of  1.5  to  3%  of  the  total  water 
volume  in  the  system  neither  increased  fish  pro- 
duction nor  improved  water  quality  during  the 
128-day  testing  period.  However,  differences  in 
feeding  rate  (1  and  2%  of  body  weight  per  day) 
did  have  a  significant  effect  on  growth  rate  and 
water  quality  factors,  though  not  on  feed  conver- 
sion efficiency.  Growth  increased  at  the  rate  of 
1.3  g  per  fish  per  day  at  the  1%  feeding  rate,  and 
at  2.3  g  per  day  at  the  2%  feeding  rate.  Feed  effi- 
ciency values  were  near  1:1  for  all  groups  of  fish. 
Standing  crops  of  fish  in  tanks  that  were  fed  the 
largest  allowances  were  about  1.2  pounds  per 
cubic  foot. 

Growth  rate,  standing  crop,  feeding  efficiency, 
and  health  do  not  appear  to  be  related  to  water 
characteristics.  The  values  of  many  of  these  char- 
acteristics appeared  to  be  in  excess  of  those  re- 
ported to  be  detrimental  and  even  lethal  to  fish. 
Possibly  the  values  reported  in  the  scientific  litera- 
ture are  lethal  or  detrimental  to  fish  due  to  un- 
known interrelationships  among  the  water  quality 
factors  and  not  necessarily  to  the  magnitude  of 
any  single  factor.  Further  research  on  water 
quality  criteria  should  be  encouraged. 

Evaluation  of  Different  Pump  Duty  Cycles  on. 
Fish  Growth  in  Recycled  Tank  Water.  Water  re- 
quirements of  commercial  fish  farms.  State  and 
Federal  fish  hatcheries,  and  wildlife  refuges  are 
expected  to  increase  in  Arkansas  by  more  than 
60%  within  the  next  10  years.  Since  this  water  use 
in  fish  and  wildlife  production  will  be  in  direct 
competition  with  municipal,  agricultural,  and  in- 
dustrial uses,  sound  management  necessitates  that 
water  used  for  fish  production  be  reused. 
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Water  reuse  systems  for  fish  culture  consist  of 
two  main  sections:  (1)  a  fish  chamber  where  the 
fish  are  grown  and  (2)  a  filter  chamber  where  by- 
products detrimental  to  fish  growth — primarily 
ammonia-nitrogen — are  removed.  Water  is  circu- 
lated from  the  fish  chamber  through  the  filter  and 
pumped  back  into  the  fish  chamber.  Turbulence, 
created  by  the  pumping  process,  aerates  the  water 
as  it  is  jetted  back  into  the  fish  chamber. 

In  water  reuse  systems  studied  at  this  Station, 
pumping  added  22%  to  the  cost  of  fish  produc- 
tion. To  determine  whether  pumping  expenses 
could  be  reduced  by  varying  the  duty  cycle,  we 
tested  three  pumping  rates:  continuous,  6  minutes 
on  and  4  minutes  off,  and  2  minutes  on  and  8  min- 
utes off. 

Fish  growth  tended  to  decrease  slightly  as 
pumping  time  was  reduced  to  20%  (2  minutes  on, 
8  minutes  off),  but  weight  gain,  feed  conversion, 
and  survival  were  not  significantly  different  from 
those  of  fish  in  ponds  where  pumps  were  operated 
40  or  100%  of  the  time  during  the  82-day  test 
period.  However,  on  the  basis  of  the  low  coeffi- 
cients of  variation,  which  suggest  that  the  data  are 
reliable,  we  speculate  that,  if  the  test  period  had 
been  longer,  significantly  less  growth  would  have 
occurred  in  the  systems  with  the  20%  duty  cycle. 

Water  analysis  indicated  a  lower  nitrification 
rate  when  the  pumps  operated  on  the  20%  cycle; 
larger  amounts  of  ammonia-  and  nitrite-nitrogen 
and  smaller  amounts  of  nitrate-nitrogen  were 
measured  in  the  20%  systems.  A  high  nitrification 
rate  is  mandatory  in  successful  reuse  systems  to 
transform  the  more  toxic  ammonia-  and  nitrite- 
nitrogen  to  the  less  toxic  nitrate-nitrogen. 

Biological  filter  systems  are  known  to  require 
4.5  mg  of  oxygen  for  each  1.0  mg  of  ammonia- 
nitrogen  transformed  to  nitrate-nitrogen.  This  is 
in  addition  to  the  oxygen  required  for  respiration 
of  fish,  plankton,  and  other  organisms  (as  meas- 
ured by  biological  oxygen  demand).  Obviously, 
oxygen  requirements  of  reuse  systems  are  high. 

In  the  oxidation  of  ammonia  with  biological  fil- 
ters, alkalinity  is  reduced  at  the  rate  of  7.14  mg  of 
alkalinity  for  each  milligram  of  ammonia-nitrogen 
oxidized.  In  our  study,  alkalinity  was  lower  in  the 
systems  with  the  greater  pumping  rates,  indicating 
differences  in  nitrification  rates.  Loss  of  alkalinity 
can  have  a  detrimental  effect  on  fish.  Waters  low 
in  alkalinity  (less  than  100  mg/1  as  CaCO,)  permit 
rapid  changes  in  pH,  which  may  result  in  fish  be- 
coming more  sensitive  to  heavy  metals  and  physio- 
logical stress.  Though  alkalinity  was  lost  in  the  re- 


use systems  at  the  higher  pumping  rates,  it  did  not 
decrease  to  a  level  that  could  have  adversely  af- 
fected the  fish. 

Evaluation  of  Therapeutants  for  the  Control  of 
Gyrodactylus  in  Goldfish  and  Channel  Catfish. 
Flubendazole,  supplied  by  Tavolek,  has  been  sug- 
gested as  a  possible  therapeutant  for  the  control  of 
Monogenea  of  fish.  Recommended  trial  concen- 
tration is  0.01  ppm.  This  chemical  at  the  recom- 
mended concentration  eliminated  all  Gyrodactylus 
on  goldfish  within  a  3-day  period. 

In  studies  of  the  effectiveness  of  Flubendazole, 
Mebendazole,  formalin,  Masoten,  and  malachite 
green  for  the  control  of  G.  ictaluri  of  channel  cat- 
fish at  12°  to  15°  C,  Flubendazole  and  formalin  at 
0.01  and  25  ppm,  respectively,  were  effective. 
However,  Flubendazole  required  5-6  days  to  com- 
pletely eliminate  the  parasite  from  catfish.  Meben- 
dazole at  0.01  ppm,  Masoten  at  0.25  ppm,  and 
malachite  green  at  0.1  ppm  were  not  effective 
chemicals  for  the  control  of  the  parasite. 

Identification  and  Verification  of  Previously 
Unknown  Parasites  in  the  United  States.  As  a 
function  of  the  National  Fish  Parasite  Referral 
Service  component  of  this  Station,  identifications 
and  verifications  of  several  dangerous  fish  para- 
sites have  been  completed.  Identification  of  Chilo- 
donella  hexasticha,  the  "warmwater  chilo"  was 
completed  with  the  collaboration  of  S.  Kuzubski 
of  Poland.  Verification  specimens  of  two  parasites 
that  had  never  been  reported  in  North  America 
were  obtained  from  the  paddlefish:  Polypodium 
hydriforme,  the  coelenterate  parasite  of  Eurasian 
sturgeon  eggs;  and  the  microsporidian,  Pleisto- 
phora  sulci.  Another  new  parasite  of  the  paddle- 
fish, Eimeria  sp.,  which  appears  to  be  a  serious 
pathogen  in  the  liver  and  kidney,  has  been  sub- 
mitted to  us  for  study.  In  goldfish,  Cryptobia 
branchialis,  which  is  an  important  European  gill 
parasite,  has  been  identified;  however,  the  North 
American  strain  appears  to  differ  somewhat  from 
the  European  strain. 

Evaluation  of  Chemicals  for  the  Control  of 
Ichthyopthirius  multifiliis  on  Warmwater  Fishes. 
Ichthyopthirius  multifiliis  or  "Ich"  is  one  of  the 
most  destructive  parasitic  organisms  in  warm- 
water  fish  culture.  Because  of  the  discontinuation 
of  the  use  of  malachite  green  (not  registered  for 
fishery  use),  which  was  an  effective  Ich  control 
chemical,  a  replacement  chemical  is  much  needed 
by  commercial  fish  farmers,  State  and  Federal  fish 
hatchery  workers,  and  fish  hobbyists. 

Because  Ich  trophozoites  leave  the  infected  fish 
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as  free-swimming  forms,  and  normally  develop 
into  infective  tomites  in  10-12  hours,  it  was  logical 
to  test  candidate  therapeutants  in  vivo.  Furanace 
at  0.1  ppm  has  been  recommended  for  Ich  control, 
but  in  our  tests  this  dosage  was  not  effective. 
However,  0.2  ppm  did  suppress  Ich  development 
in  six  of  seven  tests,  and  at  higher  concentrations 
there  was  no  development. 

Levamisole  has  been  considered  for  use  in  fish 
culture,  but  in  our  laboratory  tests  Ich  developed 
normally  in  concentrations  as  high  as  7  ppm.  It  is 
probably  not  a  likely  candidate  for  Ich  control. 
We  found  it  to  be  toxic  to  channel  catfish  finger- 
lings  and  golden  shiners  at  14  ppm  but  not  at 
12  ppm. 


FISH  GENETICS  LABORATORY 

Characterization    of   Rainbow   Trout    Strains. 

The  objective  of  this  work  is  to  characterize  dif- 
ferent strains  of  rainbow  trout  genetically  and 
evaluate  their  suitability  for  various  environments 
and  management  uses.  Studies  of  18  strains — 12 
from  hatchery  brood  stock  and  6  from  wild 
sources — are  under  way.  Results  of  laboratory 
tests  under  controlled  conditions  show  significant 
differences  between  strains,  especially  in  survival, 
growth  rate,  feed  conversion,  and  frequency  of 
vertebral  deformities.  For  the  10  strains  evaluated 
to  1  year  of  age  or  older,  the  average  weight  at- 
tained at  the  end  of  1  year  ranged  from  85  to 
202  g.  The  frequency  of  vertebral  deformities, 
measured  in  six  strains,  ranged  from  7  to  34%. 
Frequencies  of  deformities  were  higher  in  strains 
that  had  been  retained  in  hatchery  environments 
for  the  largest  number  of  generations.  These  re- 
sults, coupled  with  findings  from  studies  of  inbred 
lines,  suggest  that  inbreeding  may  account  for 
many  of  the  deformities  found  in  some  hatchery 
strains. 

Early  results  from  studies  of  performance  of 
different  strains  in  production  hatchery  and  field 
environments  indicate  large  differences  between 
strains  in  general  hatchery  performance,  and  in 
growth,  survival,  and  catchability  in  field 
situations. 

These  differences,  measured  in  laboratory, 
hatchery,  and  field  environments,  clearly  indicate 
the  potential  for  effectively  matching  strains  to  a 
variety  of  specific  management  uses. 

Effects  of  Inbreeding  Rainbow  Trout.  Studies 


designed  to  measure  the  effects  of  different  levels 
of  inbreeding  have  demonstrated  significant  de- 
pression in  a  number  of  traits.  After  three  genera- 
tions of  brother-sister  matings,  the  effects  on  re- 
production traits  were  substantial.  In  females,  the 
weight,  egg  production,  and  frequency  of  occur- 
rence of  maturity  at  age  II  declined  29,  33,  and 
25%,  respectively.  The  performance  of  inbred  fish 
was  clearly  inferior  to  that  of  their  outbred  half- 
sibs  in  terms  of  growth,  survival,  and  frequency  of 
deformities. 

A  1-year  field  test  of  inbred  fish  and  outbred 
half-sibs  planted  as  fingerlings  in  a  2-acre  pond 
also  showed  the  adverse  effects  of  inbreeding.  One 
generation  of  brother-sister  matings  resulted  in  a 
17%  reduction  in  fish  weight  and  a  29%  reduction 
in  numbers  of  fish  recovered  from  the  pond. 

These  results,  coupled  with  the  findings  of 
earlier  studies  at  this  Laboratory,  clearly  show 
that  inbreeding  produces  serious  adverse  effects 
on  the  general  vigor  and  performance  of  rainbow 
trout.  Present  inbreeding  levels  in  hatchery  stocks 
are  largely  unknown;  however,  past  breeding 
practices  have  undoubtedly  produced  significant 
inbreeding  in  some  hatchery  brood  stocks.  Further 
inbreeding  accumulation  in  hatchery  stocks  can  be 
reduced  by  the  use  of  mating  techniques  that  have 
been  defined  by  this  Laboratory. 

Crossbreeding  Rainbow  Trout  Strains  and  In- 
bred Lines.  Studies  were  begun  to  evaluate  the 
utility  of  crosses  of  different  strains  and  inbred 
lines  in  combating  the  effects  of  inbreeding  and 
improving  overall  performance  of  rainbow  trout 
strains.  The  first  phase  of  the  study  deals  with  per- 
formance in  our  standard  Laboratory  rearing 
environment.  The  progeny  of  seven  strains  mated 
in  all  combinations  and  six  inbred  lines  mated  in 
all  combinations  showed  large  differences  in 
growth  at  1  year  of  age.  Strain  crosses  tended  to  be 
intermediate  to  the  two  parental  strains;  only  8% 
of  the  crosses  were  larger  than  the  best  parental 
strain.  The  best  strain  cross  was  15%  heavier  than 
the  best  parental  strain.  Inbred  line  crosses,  on  the 
other  hand,  tended  to  be  heavier  than  either 
parent  line.  Since  all  parent  lines  suffer  measur- 
able inbreeding  depression,  we  compared  the  per- 
formance of  inbred  line  crosses  with  those  of 
strain  crosses.  At  1  year  of  age,  52%  of  the  inbred 
line  crosses  were  heavier  than  the  best  strain,  and 
48%  were  heavier  than  the  best  strain  cross.  The 
best  inbred  line  cross  was  50%  heavier  than  the 
best  strain,  and  40%  heavier  than  the  best  strain 
cross.   No  significant  differences  between  strain 
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crosses  and  inbred  line  crosses  were  found  in  egg 
hatchability,  fry  survival,  or  feed  conversion. 

These  results  suggest  that  both  strain  and  inbred 
line  crossing  can  be  used  to  improve  hatchery 
growth  performance,  but  that  inbred  line  crosses 
were  clearly  superior  in  these  initial  tests. 

Information  Transfer.  Formal  publication  of 
results  of  technical  journals  remains  a  continuing 
activity  of  this  Laboratory.  However,  this  means 
of  disseminating  information  is  not  timely  and 
does  not  offer  a  readily  usable  format  in  many  in- 
stances. Therefore,  during  the  past  year  we  have 
initiated  efforts  designed  to  provide  more  effective 
and  rapid  means  for  transferring  the  results  of  our 
research  and  development  to  fishery  resource 
managers.  The  first  annual  Fish  Genetics  Short- 
course  was  presented  at  the  Laboratory  in  Septem- 
ber 1978.  Material  covered  in  the  course  included 
an  introduction  to  basic  genetics,  strain  character- 
istics, inbreeding  effects,  and  methods  for  strain 
maintenance  and  improvement.  This  material  was 
summarized  and  given  to  each  student  in  the  form 
of  a  reference  manual. 

We  also  began  work  on  the  preparation  of  a 
catalog  of  strain  characteristics  of  rainbow  trout 
and  a  breeding  and  selection  methods  manual. 


NATIONAL  RESERVOIR  RESEARCH 
PROGRAM 

The  National  Reservoir  Research  Program 
(NRRP)  continued  intensive  efforts  to  describe 
and  quantify  the  environmental  factors  that  deter- 
mine sport  fish  production  in  1,500  large  reser- 
voirs (over  500  acres  in  area).  These  waters  now 
provide  about  30%  of  all  freshwater  fishing  in  the 
United  States.  By  synthesizing  the  data  produced 
by  its  several  field  research  units  and  that  from 
other  Federal,  and  State  fishery  agencies,  an  inte- 
grated body  of  information  is  produced,  upon 
which  to  base  improved  management  techniques 
and  measures  designed  to  protect  or  enhance 
fishery  resources  in  water  projects. 

During  fiscal  year  1978,  a  staff  of  32  profes- 
sional and  support  personnel  addressed  problems 
ranging  from  heated  water  effluents  in  reservoirs 
to  minimum  flow  requirements  in  tailwaters  below 
dams.  The  studies  have  yielded  answers  to  imme- 
diate management  problems,  as  well  as  broad 
findings  concerning  reservoir  ecology.  The  find- 


ings have  been  communicated  to  managers  and 
other  users  by  the  publication  of  technical  papers; 
by  illustrated  talks  at  workshops,  seminars,  and 
regional  and  national  meetings;  by  corre- 
spondence and  telephone;  by  personal  visits;  and 
by  field  demonstrations  of  equipment  and 
techniques. 

Long-term  base-line  studies  designed  to  describe 
variations  in  fish  population  composition  and 
structure  in  selected  reservoir  types  have  been  the 
backbone  of  the  reservoir  research  program. 
Studies  on  impoundments  of  the  Missouri  River  in 
the  Dakotas  and  on  the  White  River  in  Arkansas- 
Missouri  have  resulted  in  the  development  of  ex- 
tensive data  bases,  which  have  provided  invalu- 
able information  concerning  the  effects  of  varia- 
tions in  reservoir  operational  procedures  on  reser- 
voir ecology.  Upon  completion,  this  effort  should 
provide  a  long-term  record  of  the  ecology  and  pro- 
ductivity of  reservoirs  and  a  broad  understanding 
of  the  sport  fishing  potential  of  these  waters. 

Widespread  concern  over  possible  adverse  ef- 
fects of  heated  water  additions  and  pump-back 
operations  in  reservoirs  prompted  an  extensive 
field  investigation  of  Lakes  Keowee  and  Jocassee 
in  South  Carolina.  Studies  of  the  fish  populations 
and  related  trophic  levels  began  in  1972,  2  years 
before  start-up  of  Duke  Power  Company's 
Oconee  nuclear  generating  and  pump-storage 
facilities  on  the  two  lakes. 

In  1974,  NRRP  and  the  Environmental  Effects 
Laboratory,  U.S.  Army  Engineers,  Waterways 
Experiment  Station,  began  a  cooperative  study  on 
the  effects  of  varying  the  outlet  depth  of  the  dam 
on  the  ecology  of  DeGray  Lake  and  its  tailwater. 
Coordinated  field  studies  are  under  way  to  test 
and  provide  verification  for  elaborate  ecological 
simulation  models  currently  being  developed  by 
the  Environmental  Effects  Laboratory.  Research 
for  4  years  during  which  water  was  released  from 
the  epilimnion  have  been  completed,  and  4  years 
of  study  during  which  water  is  released  from  the 
hypolimnion  will  begin  in  1979. 

In  a  broad  approach  to  reservoir  operation  as 
related  to  aquatic  resources,  NRRP  and  the 
Waterways  Experiment  Station  have  recently 
entered  into  a  6-year  coordinated  research  effort 
designed  to  locate  and  define  conditions  that  opti- 
mize both  coldwater  and  warmwater  tailwater 
fisheries,  the  limits  within  which  they  can  operate, 
and  the  immediate  and  long-term  biological  ef- 
fects of  varied  operational  procedures.  The  pro- 
gram includes  a  synthesis  of  existing  published 
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Estimated  biomass  of  total  available  prey  and  predators 
in  DeGray  Lake,  Arkansas,  based  on  samples  collected 
in  May,  June,  August,  and  September,  1977  and  1978, 
fitted  with  a  fifth-degree  polynomial.  Decreases  in  1978 
may  be  attributable  to  a  severe  winter  and  to  a  midsum- 
mer drawdown  in  that  year. 


and  unpublished  information  on  biological  rela- 
tions in  tailwaters,  and  field  studies  on  nine 
selected  tailwaters  which  exhibit  widely  used 
operational  modes.  Studies  will  incorporate 
operational  modification  of  reservoirs  on  an  ex- 
perimental basis.  They  will  include  such  objectives 
as  determining  criteria  for  establishing  optimal 
minimum  release,  downstream  effects  of  different 
depths  of  release  of  water  from  the  reservoir,  and 
effects  of  different  hydropower  operational 
modes  on  the  tailwater  biota.  The  effects  of 
various  operational  modes  on  the  reservoir 
fisheries  will  also  be  evaluated. 

Standing  Crop  and  Harvest  Predictions.  The 
NRRP  has  been  engaged  in  the  collection,  colla- 
tion, and  analysis  of  biological  information  on 
reservoirs  obtained  by  fishery  agencies  and  institu- 
tions for  15  years.  Standing  crop  information  is 
now  available  from  221  reservoirs,  with  a  total  of 
about  950  years  of  record.  Harvest  data  are  avail- 
able for  285  reservoirs  and  more  than  900  years  of 
record.  Environmental  variables,  which  are  often 
a  function  of  reservoir  design  and  operation,  have 
also  been  measured  in  most  of  these  reservoirs. 
This  information  has  been  analyzed  to  derive  sim- 
plified regression  models  for  predicting  fish  stand- 
ing crop  and  harvest  on  the  basis  of  environmental 
variables.  The  regression  formulas  were  updated 
with  new  information  obtained  in  1978,  and  a  re- 
vised list  of  52  formulas  was  distributed  to  U.S. 
Fish  and  Wildlife  Service  Ecological  Services  field 
offices  and  other  agencies  for  use  in  reservoir  im- 
pact assessment  and  fishery  management  evalua- 


tions. Current  analyses  are  also  providing  Ecologi- 
cal Services  with  criteria  for  evaluating  reservoir 
animal  and  plant  communities  in  its  aquatic  Habi- 
tat Evaluation  Procedures  Program. 

Studies  are  under  way  to  evaluate  the  effects  of 
short-term  variations  in  the  physical  environment 
on  reservoir  fish  assemblages.  Seventy  reservoirs 
from  which  data  on  standing  crop  of  fish  have 
been  collected  for  5  or  more  years  are  being 
studied  to  assess  the  effects  of  short-term  varia- 
tions in  the  reservoir  environment  on  these  stand- 
ing crops.  Variations  in  reservoir  releases,  volume, 
and  water  level  fluctuation  occurring  within  a 
single  growing  season  are  being  related  to  changes 
in  total  reservoir  fish  production  and,  more 
specifically,  to  changes  in  the  production  of  im- 
portant sport  and  prey  fishes.  When  completed, 
these  studies  will  provide  resource  managers  with 
a  better  understanding  of  the  importance  of  short- 
term  environmental  fluctuations  to  management, 
particularly  with  respect  to  the  development  of 
seasonal  reservoir  operational  modes  that  will  en- 
sure optimal  sport  or  prey  fish  production. 

Tapes  of  programs  have  been  developed  for  use 
by  operators  of  Hewlett-Packard  9830  desk-top 
computers  in  calculating  fish  standing  crop  and 
harvest  and  available  prey-predator  ratios,  and  in 
completing  20  other  statistical  procedures  related 
to  common  fishery  research  problems. 

Predator-Prey  Relations.  Predatory  fishes 
(black  basses,  crappies,  white  bass,  striped  bass, 
catfishes,  walleye,  pikes,  and  others)  make  up 
70%  of  the  average  sport  fish  harvest  from  reser- 
voirs, and  are  therefore  of  primary  concern  to 
fishery  managers.  Management  goals  have  been 
directed  toward  improving  the  variety  and  harvest 
of  predatory  fish  by  introductions  of  predatory 
and  prey  species. 

To  aid  in  evaluating  the  technique,  we  have  de- 
veloped an  "available  prey-predator  (AP/P) 
ratio,"  based  on  fish  samples  collected  after  the 
application  of  the  fish  toxicant  rotenone  to 
blocked-off  coves  (here  termed  cove  sampling  or 
cove-rotenone  sampling).  This  ratio  describes  the 
adequacy  of  the  prey  crop  to  sustain  the  existing 
predator  crop,  and  thus  enables  the  fishery  man- 
ager to  estimate  the  additional  biomass  of  preda- 
tors that  could  be  supported,  or,  conversely,  to 
estimate  the  loss  of  predators  due  to  natural  mor- 
tality that  results  from  inadequate  prey. 

Analysis  of  data  from  many  southern  reservoirs 
indicates  that  predator  crops  tend  to  exceed  food 
resources  when  reservoir  environments  are  per- 
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turbed  (e.g.,  by  high  water  levels),  but  return  to 
equilibrium  conditions  within  1  year  under  more 
stable  conditions.  Prey  crops,  however,  decline 
more  slowly,  requiring  up  to  4  years  to  return  to  a 
minimum  stable  level. 

A  seasonal  examination  of  the  AP/P  ratio  pro- 
vides a  quantitative  approximation  of  annual 
cycles  of  fish  biomass  and  surplus  production  esti- 
mates. Plots  of  seasonal  prey  and  predator  crops 
in  DeGray  Lake,  Arkansas,  and  annual  estimates 
of  predator  harvest  lead  to  the  conclusion  that 
natural  mortality  is  the  major  factor  causing  fluc- 
tuations in  predator  populations.  Periodic  cove 
sampling  during  the  growing  season  provides  sur- 
plus production  estimates  that  can  be  used  by 
managers  to  determine  optimum  regulations, 
stocking  needs,  and  the  range  of  production 
values  to  be  expected  under  various  environmental 
conditions  in  reservoirs. 

Reservoir  Ecosystem  Modeling.  After  comple- 
tion of  the  fishery  portion  of  a  reservoir  ecosystem 
model  currently  being  developed  by  the  U.S. 
Army  Engineers,  Waterways  Experiment  Station, 
work  began  on  the  development  of  the  zooplank- 
ton  and  benthos  portions  of  the  model.  About 
1,500  relevant  references  were  catalogued,  and  ex- 
tensive effort  was  directed  toward  the  develop- 
ment of  model  conceptualization  and  state-of-the- 
art  assessment  of  existing  zooplankton  and 
benthos  models.  Some  10  subjects  are  being  ana- 
lyzed: (1)  description  of  species  composition, 
abundance,  biomass,  and  distribution  of  zoo- 
plankton  and  benthos  in  reservoirs  of  the  temper- 
ate zone;  (2)  habitat  preference;  (3)  seasonal  popu- 
lation dynamics;  (4)  consumption,  grazing  rates, 
and  food  preference — including  the  role  of  detri- 
tus in  nutrition;  (5)  half-saturation  constants  for 
growth;  (6)  assimilation  efficiency;  (7)  respiration 
rates;  (8)  nonpredatory  mortality;  (9)  chemical 
composition,  and  (10)  temperature  influences. 
The  work,  which  is  scheduled  for  completion  in 
1979,  will  provide  information  vital  to  the  de- 
velopment of  a  complex  ecological  model  for  use 
in  exploring  various  reservoir  operational  manipu- 
lations. 

The  zooplankton  and  benthos  models  will  be 
used  in  conjunction  with  the  existing  fish  model, 
which  defines  fish  standing  crop  in  terms  of  five 
food  compartments:  zooplankton,  benthos, 
detritus,  fish,  and  nutrients  from  terrestrial 
sources. 


SOUTHEAST  RESERVOIR  INVESTIGATIONS 

Purpose  of  the  Studies.  Increasing  numbers  of 
electrical  generating  plants  are  being  constructed 
to  meet  the  ever-increasing  demands  for  electric 
power  throughout  the  world.  In  many  areas  of  the 
United  States,  coal-burning  steam-generating 
plants  now  provide  most  of  the  electric  power  pro- 
duced. However,  electric  power  shortages  may 
come  as  soon  as  the  1980's,  and  rapid  expansion 
of  other  nonfossil  fuel  energy  sources  is  needed. 
To  help  meet  estimated  needs  in  the  southeastern 
United  States,  power  companies  are  altering  the 
Savannah  River  and  its  tributaries  into  a  con- 
tinuous chain  of  power  reservoirs.  Power  is  being 
produced  by  conventional  hydroelectric  plants, 
pumped-storage  hydroelectric  systems,  and 
nuclear-fueled  steam  generation  plants.  Power 
plants  typically  release  water  at  temperatures  dif- 
ferent from  those  of  the  receiving  waters.  Hydro- 
electric plants  usually  use  cold  water  taken  from 
considerable  depths  in  the  reservoir  and  release  it 
into  shallow,  warm  tailwaters;  steam-generating 
plants  generally  heat  water  above  the  temperatures 
normal  for  a  particular  area.  Pumped-storage 
hydroelectric  plants  sometimes  cause  rapid  and 
frequent  changes  in  water  levels.  Many  power 
plants  pass  (entrain)  plankton  and  fish  through 
their  penstocks  or  cooling  systems.  All  power 
plants  could  alter  the  water  quality  and  aquatic 
communities  of  the  rivers  and  reservoirs  on  which 
they  are  located. 

Southeast  Reservoir  Investigations  was  estab- 
lished at  Clemson,  South  Carolina,  to  develop 
knowledge  on  the  impact  of  power  development 
on  the  aquatic  ecosystems  in  the  Southeast  and  to 
provide  the  information  to  power  companies, 
State  resource  agencies,  and  Federal  agencies  con- 
cerned with  power  plant  problems.  This  Labora- 
tory has  collected  water  quality  and  biological  in- 
formation from  the  upper  impoundment  of  the 
610-MW  Jocassee  Pumped  Storage  Station 
(Jocassee  Reservoir)  and  the  lower  impoundment 
(Keowee  Reservoir)  since  1973.  Keowee  Reservoir 
also  supplies  water  for  cooling  a  2,600-MW 
nuclear  power  station  and  for  a  140-MW  hydro- 
electric plant.  The  cooling  water  is  returned  to 
Keowee  Reservoir,  and  the  hydroelectric  plant  dis- 
charges water  into  Hartwell  Reservoir.  Most  re- 
search to  date  has  been  concerned  with  the  ther- 
mal effects  of  the  nuclear  power  plant.  We  have 
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collected  physicochemical  data,  as  well  as  infor- 
mation on  the  relative  abundance  of  plankton  and 
benthos,  and  on  fish  population  dynamics. 
Pumped  storage  research  has  included  studies  of 
water  quality  alteration  and  of  the  passage  of 
larval  fish  through  the  station  during  both  pump- 
ing and  generation.  In  general,  the  research  is  de- 
signed to  determine  the  long-term  effects  of  habi- 
tat alteration  on  fish  and  other  aquatic  life. 

Zooplankton  Entrainment.  Entrainment  in 
power  plant  water  intake  systems  and  impinge- 
ment on  intake  screens  sometimes  cause  substan- 
tial losses  of  plankton  and  fish.  Wide  variations  in 
the  magnitude  and  causes  of  these  losses,  how- 
ever, prevent  the  reliable  prediction  of  the  effects 
of  planned  power  plants.  Knowledge  of  zooplank- 
ton distributional  patterns  could  facilitate  the 
placement  and  design  of  water  intake  structures  to 
control  or  reduce  entrainment.  We  studied  the  ver- 
tical distribution  of  zooplankton  in  7,400-ha  Keo- 
wee  Reservoir,  South  Carolina.  The  nuclear  plant 
withdraws  cold  water  from  depths  of  20-27  m  be- 
neath a  surface  skimmer  wall  for  once-through 
condenser  cooling.  Daily  and  seasonal  variations 
in  vertical  distributions  of  zooplankton  influenced 
the  degree  of  entrainment  at  the  power  plant.  For 
about  9  months,  most  zooplankton  was  near  the 
surface,  and  only  relatively  small  amounts  were 
entrained.  During  July,  August,  and  September, 
however,  most  zooplankters  were  in  deeper  water 
near  the  bottom  during  the  day,  and  large  num- 
bers were  entrained;  at  night  most  moved  to  or 
near  the  surface,  and  few  were  entrained.  The 
danger  of  entrainment  during  these  3  months  was 
thus  restricted  largely  to  the  12  to  13  daylight 
hours.  Although  entrainment  was  reduced  by  the 
use  of  a  skimmer  wall,  dilution  of  zooplankton  in 
the  outfall  area  may  have  resulted  in  a  scarcity  of 
food  for  higher  aquatic  animals.  Dilution 
diminished  with  increased  distance  from  the  dis- 
charge structure. 

Life  History  Studies.  Habitat  alterations  usually 
result  in  changes  in  the  feeding,  growth,  and  re- 
production of  fishes.  Consequently  we  examined 
segments  of  the  life  history  of  three  species — yel- 
low perch,  largemouth  bass,  and  threadfin  shad — 
in  Keowee  Reservoir.  Yellow  perch  spawned  about 
2  months  earlier  in  Keowee  Reservoir  than  in 
northern  States,  but  at  about  the  same  water  tem- 
perature (10°  C).  Maturity  indexes  for  gravid 
females,  the  number  of  eggs  produced  by  a  female 
of  a  given  length,  and  the  age  of  maturity  also 
were  similar  to  those  characteristics  of  perch  in  the 


North.  Although  yellow  perch  in  South  Carolina 
appeared  to  have  a  longer  growing  season  than 
fish  in  the  North,  southern  fish  did  not  grow  sig- 
nificantly faster.  Young  of  the  year  grew  from  a 
length  of  7  mm  in  early  March  to  about  40  mm  in 
early  June.  Average  lengths  of  yellow  perch  at  the 
end  of  each  of  the  first  6  years  of  life  in  Keowee 
Reservoir  were  77,  132,  184,  217,  250,  and 
252  mm.  Standing  crops  of  yellow  perch  from 
1972  through  1976  varied  from  less  than  0.7  to  3.1 
kg/ha  in  Keowee  Reservoir — considerably  lower 
than  the  standing  crops  in  many  northern  small 
ponds  and  lakes  that  have  been  studied 

Food  of  141  largemouth  bass  collected  in  1973 
and  1974,  before  nuclear  power  production  and 
before  the  presence  of  threadfin  shad  in  Keowee 
Reservoir,  was  compared  with  the  food  of  149 
bass  collected  in  1976,  after  power  production 
began  and  after  the  stocking  and  reproduction  of 
threadfin  shad.  Sunfishes  (mostly  bluegills)  were 
the  most  important  food  during  all  years.  Thread- 
fin shad  ranked  second  in  1976.  Other  fish  in  the 
diet  were  yellow  perch,  largemouth  bass,  whitefin 
shiners,  and  black  crappies.  There  was  no  signifi- 
cant difference  between  bass  growth  in  1973-74 
and  that  in  1976. 

Survival  of  threadfin  shad  in  Keowee  and 
Jocassee  reservoirs  was  examined  after  the  severe 
winter  of  1976-77.  Winter  water  temperatures 
throughout  Jocassee  Reservoir  and  most  of 
Keowee  Reservoir  fell  below  9.0°  C,  the  reported 
minimum  temperature  for  survival  of  threadfin 
shad.  However,  winter  water  temperatures  in  the 
vicinity  of  the  Oconee  Nuclear  Station  discharge 
never  fell  below  11.0°  C,  providing  a  refuge  area 
for  winter  survival  of  breeding  stock  in  Keowee 
Reservoir.  Catches  of  larvae  in  trawls,  and  rote- 
none  samples  of  threadfin  shad  during  the  follow- 
ing spring  and  summer,  showed  successful  spawn- 
ing and  production  of  young  of  the  year;  adults 
through  age  III  were  collected  in  Keowee  Reser- 
voir. Larval  threadfin  shad  were  lacking  in  trawl 
catches  in  Jocassee  Reservoir  until  late  spring,  and 
numbers  were  noticeably  reduced  from  those  of 
the  previous  year.  Only  young-of-the-year  thread- 
fin shad  were  present  in  August  rotenone  samples. 
It  appears  that  threadfin  shad  breeding  stock  sur- 
vived in  Keowee  Reservoir  and  that  either  adults 
or  larvae,  or  both,  were  pumped  through  the 
Jocassee  Pumped  Storage  Station  and  into 
Jocassee  Reservoir,  mitigating  the  apparent 
winterkill  in  that  reservoir. 

Population  Dynamics.  Three  sampling  methods 
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Placing  block-net  across  mouth  of  cove  to  prevent  loss  of  fish  during  the  collection  of  cove-rotenone  samples  in 
Jocassee  Reservoir,  South  Carolina.  Photo  by  Ft.  A.  Hansen. 


Sorting  fish  from  cove-rotenone  samples  in  Jocassee  Reservoir,  South  Carolina.  Net  across  mouth  of  cove  prevents 
movement  of  fish  from  the  area.  Photo  by  J.  P.  Clugston. 
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have  been  used  to  assess  changes  in  the  adult  fish 
populations  in  Keowee  and  Jocassee  reservoirs 
since  1973:  seines  have  been  used  in  nearshore 
areas,  gill  nets  in  off-shore  areas,  and  rotenone  in 
coves.  A  bag  seine  30.5  m  long  was  used  to  sample 
nearshore  fish  populations  from  areas  affected 
and  unaffected  by  power  production  in  Keowee 
Reservoir  from  1973  through  1977.  A  total  of  22 
species  of  fish  were  captured.  There  was  a  signifi- 
cant reduction  in  the  total  numbers  of  all  fishes 
from  most  areas  during  this  period.  The  sample 
site  nearest  the  nuclear  plant's  heated  discharge 
was  the  only  area  where  the  abundance  of  fishes 
was  not  reduced  over  the  sampling  period — pri- 
marily because  populations  of  spottail  shiners  re- 
mained high  in  this  area.  Other  species  that  were 
reduced  in  other  parts  of  the  reservoir  were  also 
reduced  in  the  heated  discharge.  Spottail  shiners, 
not  seined  in  the  reservoir  until  1975  (the  peak 
year  of  power  production),  superseded  whitefin 
shiners  as  the  most  abundant  species  found  in  the 
heated  area.  The  nearshore  fish  populations  ap- 
peared to  be  affected  more  by  the  operation  of  the 
Oconee  Nuclear  Station  than  by  the  pumped-stor- 
age  or  hydroelectric  power  production. 

Gill-net  samples  and  cove  rotenone  samples  in 
Keowee  Reservoir  have  shown  a  decline  in  the 
relative  abundance  of  chain  pickerel,  carp,  quill- 
back,  silver  redhorse,  brown  bullhead,  bluegill, 
and  yellow  perch  from  1972  to  1978.  However, 
trends  in  abundance  for  the  flat  bullhead,  large- 
mouth  bass,  and  black  crappie  differed  for  these 
two  sampling  methods:  gill-net  catches  suggested 
an  increase  in  numbers  and  rotenone  samples  sug- 
gested a  decline.  The  inconsistent  results  ap- 
parently resulted  from  a  change  in  vertical  dis- 
tribution of  these  three  species  in  summer.  The 
addition  of  heated  water  from  the  nuclear  plant 
changed  the  reservoir's  temperature  profiles 
throughout  the  year.  Generally,  summer  water 
temperatures  at  a  depth  of  6  to  26  m  ranged  from 
3°  to  10°  C  higher  in  1975-78  than  in  1973.  Conse- 
quently, to  live  in  water  at  their  preferred  tem- 
perature, these  three  species  probably  moved  to 
water  deeper  than  that  sampled  with  rotenone. 


SOUTH  CENTRAL  RESERVOIR 
INVESTIGATIONS 

White  River  Reservoir  Studies.  Long-term  field 


studies  on  Beaver  and  Bull  Shoals  lakes,  which  are 
impoundments  on  the  White  River  in  Missouri 
and  Arkansas,  have  provided  valuable  insight  into 
the  dynamics  of  reservoir  fish  communities  and 
the  role  of  the  physical  environment  in  determin- 
ing the  structure  and  production  of  important 
sport  fishes.  Relations  involving  fluctuations  in 
the  reservoir  elevation  and  flow-through  patterns 
have  proved  to  be  of  paramount  importance,  as 
they  reflect  climatic  variation. 

Regrowth  of  Peripheral  Vegetation.  Long-term 
fishery  studies  on  White  River  impoundments 
have  indicated  a  strong  relation  between  seasonal 
flooding  of  peripheral  vegetation  and  year-class 
strength  of  certain  fish  species.  Generally  receding 
pool  levels  from  1973  through  1977  produced  con- 
ditions favorable  for  the  regrowth  of  peripheral 
vegetation.  Low,  stable  water  levels  during  1977 
enabled  us  to  conduct  a  study  of  these  regrowth 
patterns  in  the  fluctuation  zones  of  Beaver  and 
Bull  Shoals  lakes  that  provided  information  on  the 
types  and  rates  of  vegetation  regrowth  on  both  a 
seasonal  and  annual  basis. 

Five  vegetative  zones  were  identified  around 
Beaver  Lake,  and  six  around  Bull  Shoals  Lake. 
The  zones  generally  corresponded  to  the  time  in 
months  since  the  last  inundation. 

Effects  of  slope,  orientation,  and  nearby  vege- 
tation were  evaluated.  Reflooding  of  these  vegeta- 
tive associations  in  1978  has  prompted  study  of 
relations  between  vegetative  assemblages  and  fish 
production  in  White  River  impoundments. 

Effects  of  Flooding  Peripheral  Vegetation  on 
Reservoir  Fish  Populations.  A  water-level  man- 
agement plan  carried  out  by  cooperative  efforts  of 
the  U.S.  Army  Corps  of  Engineers  and  the 
Arkansas  Game  and  Fish  Commission  during 
1977  and  1978  enabled  us  to  observe  the  effects  of 
flooding  peripheral  vegetation  in  Beaver  Lake  in 
1978.  Due  to  drought  conditions  in  1977,  the 
water  level  of  Beaver  Lake  was  drawn  down  nearly 
30  feet,  and  a  low  level  was  maintained  through- 
out the  year.  As  a  result,  a  dense  growth  of  terres- 
trial vegetation  developed  in  the  dewatered  zone. 
The  lake  was  refilled  early  in  1978,  inundating  the 
vegetation.  Preliminary  results  indicate  record 
levels  of  black  bass  reproduction  and  survival  to 
September  1978. 

Underwater  Observations  of  Black  Bass  Repro- 
duction. Underwater  observations  of  black  bass 
reproduction  in  Bull  Shoals  Lake  began  on  April 
17  and  continued  weekly  through  June  6,  in  five 
standard  study  areas  representing  bluff  and  cove 
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habitats.  Largemouth  bass  spawning  was  already 
under  way  on  April  17  (judging  by  the  condition 
of  nests  at  that  time,  it  probably  began  on  about 
April  14).  A  drop  in  water  temperature  within  a 
few  days  after  spawning  began  apparently  inter- 
rupted nesting  activity  for  a  period  of  nearly  2 
weeks.  On  May  1,  fresh  largemouth  bass  nests 
were  about  as  numerous  as  at  the  beginning  of  the 
spawning  season,  and  spotted  and  smallmouth 
bass  nests  were  at  peak  densities. 

Nest  densities  (numbers  per  100  m  of  shoreline) 
were  relatively  low  throughout  the  season:  in 
coves  the  values  were  1 .8  for  largemouth  bass,  1 .5 
for  spotted  bass,  and  0.6  for  smallmouth  bass. 
The  bluff  habitat  produced  a  total  of  only  one 
spotted  bass  nest  and  two  smallmouth  bass  nests 
(no  largemouth  bass  nests).  This  light  use  of  the 
bluff  habitat  has  occurred  previously  only  during 
years  of  very  high  water. 


Although  water  level  in  Bull  Shoals  Lake  during 
spring  was  only  about  1  m  above  conservation 
pool  elevation,  regrowth  of  shoreline  vegetation 
during  the  previous  year,  when  water  levels  were 
extremely  low,  produced  near  high-water  condi- 
tions of  abundant  underwater  cover.  Vegetation 
was  flooded  to  depths  of  about  5  m,  and  provided 
good  nest  cover  and  concealment  for  young  bass. 
Despite  heavy  mortalities  in  early  nests,  due  to  the 
water  temperature  decline  shortly  after  spawning 
began,  total  nesting  success  was  higher  than  in 
1977.  The  rates  of  survival  to  fry  emergence  from 
the  nests  were  57%  for  largemouth,  42%  for 
spotted,  and  33%  for  smallmouth  bass.  The  sur- 
vival rates  of  fry  schools  that  reached  fry-dispersal 
stages  were  81%  for  largemouth  bass,  85%  for 
spotted  bass,  and  50%  for  smallmouth  bass. 
These  fry-school  survival  rates  for  largemouth  and 
spotted  bass  are  about  3  times  greater  than  those 


School  of  largemouth  bass  fry  in  cover  afforded  by  flooded  willows  in  Bull  Shoals  Lake.  Survival  of  young  bass  in 
reservoirs  is  greatly  increased  during  years  of  high  water  levels.  Photo  by  L.  E  Vogele. 


for    1977   and   reflect   the   benefits   afforded   by 
flooded  vegetation  during  the  nesting  season. 

Production  of  Young-of-the-year  Shad.  Num- 
bers of  young-of-the-year  threadfin  shad  caught  in 
midwater  trawls  in  1978  were  extremely  low,  as 
they  were  in  1977.  Two  successive  severe  winters 
lowered  lake  water  temperatures  to  lethal  levels 
for  the  species.  Although  threadfin  shad  were  re- 
stocked in  1977,  apparently  none  survived  the  win- 
ter of  1977-78.  The  population  of  gizzard  shad 
was  much  lower  than  usual. 

Cove  Population  Sampling.  Standing  crops  of 
fish  in  both  Beaver  and  Bull  Shoals  lakes  increased 
in  1978.  At  the  time  of  sampling,  water  elevation 
in  Beaver  Lake  was  20  feet  higher  than  in  1977, 
and  that  in  Bull  Shoals  Lake  was  15  feet  higher. 
Drought  conditions  in  1977  caused  the  lowered 
lake  elevations  in  that  year.  Increased  rainfall  in 
1978  brought  elevations  up  to  above  normal  dur- 
ing the  spring.  Improved  habitat  provided  for 
greater  reproduction,  survival  of  young  fish,  and 
growth  of  older  fish. 

Black  Bass  Population  Estimates  by  Electro- 
fishing.  Mark  and  recapture  population  estimates, 
based  on  collections  by  electrofishing,  showed 
that  early-spring  bass  populations  in  both  Beaver 
and  Bull  Shoals  lakes  decreased  this  year.  Large- 
mouth  bass  fell  from  61  to  54  per  km  of  shoreline, 
spotted  bass  from  26  to  15  per  km,  and  small- 
mouth  bass  from  39  to  11  per  km.  These  results 
continue  to  confirm  preliminary  conclusions  that 
bass  populations  respond  directly  to  the  amount 
of  rainfall  and  lake  elevations. 

Estimates  of  Angler  Use  and  Harvest,  Beaver 
Lake.  Fish  harvest  from  Beaver  Lake  increased 
from  8.8  pounds  per  acre  in  calendar  year  1976  to 
12.6  pounds  in  1977.  In  1976  crappies  were  domi- 
nant in  the  catch,  providing  3.1  pounds  per  acre 
and  35%  of  the  total  catch  by  weight;  the  black 
basses  provided  2.9  pounds  per  acre  and  33%  of 
the  catch.  The  black  bass  catch  in  1977  doubled  to 
6  pounds  per  acre  and  48%  of  the  catch,  whereas 
the  crappie  ratch  declined  slightly  to  2.8  pounds 
per  acre  and  22%  of  the  catch.  White  bass  con- 
tributed the  only  other  important  share  of  the 
catch— 22%  in  1976  and  14%  in  1977. 

Multi-Outlet  Reservoir  Studies.  The  objectives 
of  the  Multi-Outlet  Reservoir  Studies  are  to  assess 
changes  in  the  biota  of  DeGray  Lake  and  tailwater 
that  result  from  different  outlet  release  levels.  In 
addition,  data  are  being  collected  for  the  develop- 
ment and  verification  of  ecosystem  simulations. 
From  impoundment   in   1969  to  the  present,  all 


water  has  been  released  from  the  epilimnial  outlet. 
Releases  from  the  hypolimnion  will  begin  in  1979, 
and  will  continue  for  four  seasons.  The  DeGray 
Lake  studies  are  part  of  a  cooperative  effort  by 
several  State  and  Federal  agencies  and  universi- 
ties, and  are  designed  to  yield  information  on 
physical  and  biological  interactions  in  multi-outlet 
reservoirs. 

Population  Dynamics.  Fluctuations  in  the 
abundance  and  production  of  black  bass  and  shad 
populations  are  studied  to  provide  indexes  of  envi- 
ronmental and  operational  effects  on  fish  stocks 
in  DeGray  Lake.  During  the  4  years  of  epilimnial 
release,  the  abundance  of  largemouth  bass  has 
varied  substantially.  Numbers  have  generally  de- 
clined, but  there  has  been  evidence  of  large  year- 
to-year  variation  in  recruitment.  Numbers  of 
gizzard  and  threadfin  shad  have  also  varied 
widely.  Unusually  cold  winters  in  1977  and  1978 
resulted  in  extremely  heavy  mortality  of  threadfin 
shad,  and  thereby  created  major  restructuring  of 
the  clupeid  population.  These  large  annual  varia- 
tions in  abundance  and  production  of  important 
predator  and  prey  species  have  occurred  within  the 
period  of  epilimnial  release. 

August  cove  rotenone  samples  have  been  used 
to  index  year-to-year  changes  in  crops  of  fish  in 
DeGray  Lake.  During  the  4  years  of  study  under 
epilimnial  release,  the  total  estimated  standing 
crop  of  fish  in  August  has  varied  from  about  130 
to  230  pounds  per  acre.  Ratios  of  predator  to  prey 
species  have  remained  relatively  stable  throughout 
the  period. 

Field  studies  begun  in  1977  to  measure  carrying 
capacity  of  DeGray  Lake  and  annual  production 
of  fishes  continued.  Cove  rotenone  samples  con- 
ducted from  May  to  September  have  indicated  a 
repeatable  pattern  of  seasonal  production,  where 
total  crops  are  smallest  in  late  March  or  April,  and 
largest  in  late  summer. 

Loss  of  Larval  Fish  and  Zooplankton.  Larval 
fish  and  zooplankton  losses  through  DeGray  Dam 
are  measured  each  spring  and  summer  to  compare 
losses  under  epilimnial  and  hypolimnial  releases. 
These  studies  have  indicated  a  strong  correlation 
between  total  volume  of  water  released  and  loss  of 
larval  fish.  Downstream  losses  are  greatest  during 
the  early  stages  of  larval  development,  in  May  and 
June  of  each  year.  Total  annual  losses  therefore 
vary  with  the  May-June  rates  of  water  release,  and 
the  abundance  of  larval  fish  in  the  reservoir.  Shad, 
crappies,  and  sunfishes  are  the  most  abundant 
forms  in  the  release  water. 
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Total  zooplankton  losses  are  also  closely  related 
to  reservoir  discharge  and,  because  of  the  seasonal 
pattern  of  zooplankton  abundance  in  the  reser- 
voir, the  greatest  losses  typically  occur  in  April 
and  May.  Vertical  distribution  patterns  of  zoo- 
plankton and  larval  fish  in  the  lake  are  such  that 
the  change  from  epilimnial  to  hypolimnial  dis- 
charge is  expected  to  result  in  a  marked  reduction 
in  the  loss  of  both. 

Tailwater  Studies.  Sampling  of  the  Caddo  River 
downstream  from  DeGray  Lake,  and  a  40-mile 
reach  of  the  Ouachita  River,  was  intensified  in  the 
spring  of  1978,  to  define  base-line  conditions  prior 
to  the  change  to  hypolimnial  release.  In  addition 
to  information  on  fish  species  composition  and 
relative  abundance  that  has  been  collected  since 
1975,  age  and  growth  data  were  collected  for 
largemouth  bass,  golden  redhorse,  and  channel 
catfish.  These  three  species  represent  different 
trophic  levels  of  feeding  and  will  be  used  to  index 
possible  changes  in  the  productivity  of  the  tail- 
water  associated  with  temperature  changes  result- 
ing from  the  change  to  hypolimnial  release. 

Studies  of  zooplankton,  benthos,  and  water 
quality,  also  begun  in  the  spring  of  1978,  have 
indicated  little  production  of  zooplankton  in  the 
tailwater  and  a  rapid  decline  in  zooplankton  abun- 
dance downstream  from  DeGray  Dam.  Studies  of 
the  benthos  should  provide  a  better  index  of 
changes  associated  with  an  altered  reservoir  re- 
lease level. 

The  Multi-Outlet  Reservoir  Studies  station  was 
selected  as  a  base  of  operations  for  tailwater 
studies  on  Greeson,  Gillham,  and  Pine  Creek 
lakes,  under  the  NRRP-Waterways  Experiment 
Station  Cooperative  Agreement.  Cove-rotenone 
sampling  in  Greeson  Lake  has  indicated  that  the 
standing  crop  of  fish  in  that  reservoir  is  only  about 
two-thirds  that  in  DeGray  Lake.  Reservoir  and 
tailwater  studies  in  Gillham  and  Pine  Creek  lakes 
are  scheduled  to  begin  in  April  1979. 


NORTH  CENTRAL  RESERVOIR 
INVESTIGATIONS 

Changes    in    Reservoir    Water    Levels    Affect 
Abundance  of  Young  Fish  and  Zooplankton.  The 

effects  of  spring  and  early  summer  water  levels  on 


'Investigations  terminated  in  lime  1978.  Staff  moved  to  Bowl- 
ing Green,  Kentucky,  to  establish  East  Central  Reservoir  In- 
vestiuations. 


fish  spawning  success  in  Lake  Francis  Case,  a 
main  stem  Missouri  River  reservoir,  were  studied 
by  comparing  the  abundance,  growth,  diet,  and 
food  supply  of  commonly  collected  young-of-the- 
year  fish  in  a  low-water  year  (1974)  and  a  high- 
water  year  (1975).  Yellow  perch  and  buffalofishes, 
which  spawn  near  shore,  were  several  times  more 
abundant  during  the  high-water  year  because  the 
spawning  substrate  was  more  suitable  and  the  nur- 
sery habitat  more  protected.  The  abundance  of 
pelagic  and  tributary  spawners  such  as  white  bass 
and  freshwater  drum,  which  migrate  into  shore 
areas  as  juveniles,  was  also  greater  during  the 
high-water  year,  presumably  because  nursery  con- 
ditions were  more  favorable. 

Food  supply  was  also  more  abundant  during  the 
high-water  year,  but  growth  of  the  three  most 
common  fishes  (white  bass,  yellow  perch,  buf- 
falos)  did  not  change.  The  diet  of  white  bass  and 
yellow  perch  differed  between  the  two  years: 
yellow  perch  ate  more  zooplankton  during  the 
high-water  year  and  about  the  same  number  of 
insects  in  both  years;  white  bass  ate  more  insects 
during  the  low-water  year  and  about  the  same 
amount  of  zooplankton  in  both  years.  The  pro- 
portion of  cladocerans  in  the  diet  of  both  species 
increased  during  the  high-water  year,  but  calanoid 
copepods  were  the  preferred  food.  The  standing 
crop  of  major  zooplankton  groups  decreased  dur- 
ing the  high-water  year,  perhaps  because  of  fish 
predation.  Standing  crops  of  minor  zooplankton 
species  increased  during  the  high-water  year,  as 
did  overall  species  diversity.  We  conclude  that 
management  of  water  levels  in  Lake  Francis  Case, 
to  include  one  high-water  year  out  of  every  three, 
would  greatly  enhance  the  lake's  fishery  resources. 

Populations  of  Zooplankton  Changed  as  Reser- 
voir Aged.  Zooplankton  standing  crops  in  the  dis- 
charge of  Lewis  and  Clark  Lake,  the  lowermost 
reservoir  in  the  Missouri  River  main  stem  system, 
were  sampled  from  1964  to  1973  to  monitor  long- 
term  changes  in  abundance  and  species  composi- 
tion. Samples  were  taken  and  preserved  with  an 
automatic  sampler  four  times  daily,  and  weekly 
composite  collections  were  analyzed  throughout 
the  period. 

Zooplankton  abundance  decreased  during  the 
10  years,  from  18.5  organisms  per  liter  in  1964  to 
3.8  in  1971 ,  and  averaged  9.8  for  the  entire  period. 
The  three  major  groups  of  zooplankton  collected 
and  percentage  composition  were  as  follows: 
cyclopoid  copepods,  68;  calanoid  copepods,  20; 
and  daphnid  cladocerans,  9.  Densities  of  cyclo- 
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poid  copepods  were  highest  during  the  first  6  years 
and  lowest  during  the  final  4  years.  Densities  of 
calanoid  copepods  were  lowest  during  the  early 
years  of  sampling  and  increased  slightly  during  the 
later  years.  The  abundance  of  daphnids  fluctuated 
slightly  over  the  entire  period  but  showed  no  long- 
term  change.  The  most  common  zooplankton 
species  was  Cyclops  bicuspidatus  thomasi,  which 
contributed  an  average  of  46%  of  the  total  num- 
ber of  adults  collected. 

Abundance  and  species  composition  of  zoo- 
plankton  in  the  discharge  from  Lewis  and  Clark 
Lake  were  highly  correlated  with  those  in  the  dis- 
charge of  Lake  Francis  Case,  60  km  upstream.  In 
addition,  zooplankton  in  Lewis  and  Clark  Lake 
discharges  appeared  to  be  influenced  by  perturba- 
tions in  the  reservoirs  farther  upstream  (lakes 
Oahe  and  Sharpe),  during  the  final  filling  stages 
and  the  attainment  of  operating  pool  levels  in  the 
entire  reservoir  system. 

Use  of  Reservoir  Water  for  Irrigation  Affects 
Fish.  The  use  of  water  from  Missouri  River  reser- 
voirs to  irrigate  adjacent  croplands  has  increased 
during  recent  years.  Before  1976,  the  Corps  of 
Engineers  had  issued  one  permit  for  taking  water 
from  Lake  Oahe  for  irrigation.  An  aerial  survey 
conducted  in  July  1978  revealed  that  162  irrigation 
pumps  were  operating.  In  addition,  35  systems  for 
which  permits  had  been  issued  were  either  not 
operating  or  were  still  under  construction  at  the 
time  of  the  survey. 

To  reduce  entrainment  of  larval  fish,  the  Fish 
and  Wildlife  Service  requests  that  irrigation  in- 
takes be  blocked  with  %  -inch-mesh  screens,  be 
placed  in  water  at  least  20  feet  deep,  and  have  a 
water  approach  velocity  of  not  more  than  0.05 
foot  per  second.  To  evaluate  the  effectiveness  of 
these  guidelines,  we  conducted  a  study  to  deter- 
mine the  number  and  species  of  larvae  entrained 
by  intakes  installed  in  shallow  (5  feet)  and  deep  (20 
feet)  water  and  with  pumps  operating  at  2  and 
3  cfs.  Biologists  used  a  1,400-gpm  pump  and  a 
single-scree. led  intake  pipe.  Water  from  the  outlet 
pipe  was  sampled  with  a  small-mesh  plankton  net. 

Larval  fish  were  entrained  throughout  the 
period  of  study  from  May  through  mid-August. 
The  maximum  number  of  larvae  (1,450  per  day) 
was  entrained  in  late  May,  and  the  number  re- 
mained large  until  late  June;  few  larvae  were  taken 
during  July  and  August.  Fishes  entrained  included 
yellow  perch,  buffalos,  carp,  smelt,  suckers,  sun- 
fishes,  shiners,  and  white  bass.  Egg  entrainment 
peaked  in  mid-May  at  about  9,600  per  day,  de- 


clined rapidly,  and  ceased  after  June.  Placing  the 
intake  structure  in  deep  rather  than  shallow  water 
(20  feet  vs.  5  feet)  significantly  reduced  the  num- 
ber of  larvae  entrained.  Increasing  pump  volume 
from  2  to  3  cfs  did  not  significantly  increase  the 
catch. 

These  studies  show  that  the  guidelines  suggested 
by  the  Fish  and  Wildlife  Service  for  removal  of 
irrigation  water  from  Missouri  River  reservoirs  are 
necessary  to  protect  young  fish. 

Biology  of  the  Walleye  in  Lake  Sharpe.  A  study 
of  the  walleye  population  in  Lake  Sharpe  was  con- 
ducted during  1964-75.  The  abundance  of  yearling 
or  older  fish  doubled  during  the  first  3  years  after 
impoundment,  continued  to  rise  during  the  fol- 
lowing 4  years,  and  remained  high  thereafter. 
Walleyes  are  currently  the  most  abundant  and 
valuable  game  fish  in  this  56,000-acre  reservoir. 

The  largest  year  classes  of  walleyes  were  pro- 
duced in  1964  and  1968.  Year-class  strength  was 
associated  with  the  abundance  of  mature  females. 
Growth  of  yearling  and  older  fish  declined  after 
the  first  2  years  of  impoundment.  The  decline  was 
associated  with  a  drop  of  about  75%  in  the  abun- 
dance of  young-of-the-year  forage  fishes.  Female 
walleyes  were  increasingly  larger  than  males  after 
age  IV.  Mortality  appeared  to  be  higher  in  the  first 
several  postimpoundment  year  classes  than  in  later 
year  classes.  The  lower  mortality  rates  for  later 
year  classes  may  indicate  that  the  stock  had 
reached  equilibrium.  Peak  stock  size  of  harvest- 
able  fish  apparently  occurred  in  1971,  when  the 
1968  year  class  entered  the  fishery. 


SEATTLE  NATIONAL  FISHERIES 
RESEARCH  CENTER 

Ozone  Toxicity  to  Salmonids.  The  acute  toxicity 
of  ozone  is  high.  Under  the  conditions  tested,  the 
average  96-hour  LC50  was  9.3  (range,  8.1-10.6) 
/ig/1  for  rainbow  trout  10-13  cm  long.  Death  dur- 
ing acute  exposures  is  most  likely  due  to  severe  de- 
struction of  gill  lamellar  epithelial  tissue,  accom- 
panied by  massive  hydromineral  imbalances.  The 
resulting  hypertrophy  and  hyperplasia  probably 
also  seriously  impair  respiration  because  of  the  in- 
creased diffusion  distance  for  gas  exchange,  and 
there  is  also  a  potential  for  reduced  erythrocytic 
oxygen  binding  and  transport  capacity. 

Short-term  chronic  testing  revealed  that  ozone 
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exposure  at  2  jtg/1  for  3  months  caused  few 
physiological  changes,  none  of  which  would  be  ex- 
pected to  compromise  biological  function.  Thus, 
as  a  guideline,  a  provisional  maximum  safe  expo- 
sure level  of  2  ^g/1  is  recommended  for  salmonids, 
pending  completion  of  life  cycle  studies. 

If  ozone  is  used  as  a  replacement  for  chlorine  in 
water  treatment  systems  or  for  disinfecting 
hatchery  water  supplies,  it  should  be  removed  or 
diluted  to  about  the  2-/*g/l  level,  before  it  is 
allowed  to  come  into  contact  with  salmonids. 

Blood  Enzyme  Response  to  Exsanguination  and 
Salinity.  Blood  equal  to  5,  10,  or  15%  of  esti- 
mated total  blood  volume  (0.3,  0.6,  or  0.9%  of 
total  body  weight)  was  drawn  from  individual 
rainbow  trout  each  week  for  6  weeks.  Analyses  in- 
cluded hematocrits,  hemoglobin,  plasma  proteins, 
three  plasma  enzymes  (phosphocreatine  kinase, 
lactate  dehydrogenase,  and  leucyl  aminonaphyl- 
amidase),  plasma  chlorides,  glucose,  and  blood 
counts  from  peripheral  blood  smears.  Significant 
changes  were  induced  in  virtually  all  of  the  blood 
characteristics  of  fish  bled  more  than  once  or 
twice.  The  intensity  of  change  and  mortalities  in- 
creased in  direct  proportion  to  the  number  of  sam- 
plings. 

A  similar  study  was  conducted  on  rainbow  trout 
challenged  with  full-strength  sea  water.  The  only 
significant  change  was  a  rise  in  plasma  chlorides; 
plasma  enzymes  and  other  characteristics  re- 
mained within  normal  limits  over  a  period  of 
1  month. 

These  results  demonstrate  that  bleeding  pre- 
viously considered  acceptable  can  induce  signifi- 
cant changes  in  cellular  and  noncellular  blood 
characteristics.  Thus,  repeated  blood  sampling 
would  tend  to  mask  the  impact  of  environmental 
stress  to  an  as  yet  undetermined  degree. 

Clinical  Monitoring:  Development  of  Leucocrit 
as  a  Useful  Diagnostic  Tool.  The  differential  sepa- 
ration of  blood  leucocytes  by  centrifugation 
(leucocrit)  was  evaluated  as  a  method  of  detecting 
stress  and  incipient  infection  in  salmonids. 

The  leucocrit  values  of  coho  salmon  infected 
with  furunculosis  and  steelhead  trout  infected 
with  enteric  redmouth  disease  were  significantly 
lower  than  those  of  uninfected  fish.  However,  no 
significant  change  in  the  leucocrit  preceded  an  epi- 
zootic of  either  disease.  The  leucocrit  value  can 
thus  be  used  to  quantify  the  degree  of  infection 
and  perhaps  detect  the  carrier  state,  but  may  not 


be  a  useful  diagnostic  method  for  detecting  in- 
cipient epizootics  of  acute  disease. 

Handling  and  crowding  stress  significantly 
lowered  leucocrit  values  in  coho  salmon.  Simi- 
larly, leucopenia  occurred  when  there  were  ex- 
treme temperature  changes  (±20°  F).  Coho  sal- 
mon were  more  sensitive  to  a  drop  in  temperature 
than  to  a  rise. 

Clinical  Monitoring:  Blood  Sodium-Sea  Water 
Challenge.  Laboratory  testing  of  the  blood 
sodium-sea  water  challenge  test  for  predicting  the 
optimum  release  time  of  smolts,  in  terms  of  their 
ability  to  survive  and  continue  to  grow  in  the 
ocean,  was  continued.  After  steelhead  trout, 
transported  to  a  saltwater  field  station  in  January, 
were  transferred  to  sea  water,  blood  sodium  tests 
were  carried  out  on  four  dates,  before,  during, 
and  after  maximum  ATPase  development.  Hyper- 
natremia, due  to  poor  osmoregulation,  was  mea- 
sured over  a  4-day  period  in  28  parts  per  thousand 
sea  water.  Optimum  blood  sodium  regulation  oc- 
curred during  the  3rd  week  of  April.  Later  sea- 
water  testing  resulted  in  high  blood  sodium  levels 
and  mortality. 

Clinical  Monitoring.  The  health  and  smolt  func- 
tionality of  steelheads  reared  in  three  water  reuse 
systems  was  evaluated  by  a  series  of  clinical  tests, 
and  the  physiological  condition  of  each  group  was 
characterized.  A  protocol  was  developed  for  as- 
sessing the  degree  of  chronic  stress  due  to  hatchery 
practices  by  measuring  interrenal  cell  nuclei  and 
cell  size.  Significant  differences  in  interrenal 
hypertrophy  were  found  for  the  three  reuse  sys- 
tems, and  these  differences  were  correlated  with 
the  severity  of  stress  as  determined  by  clinical 
tests. 

Recently,  abnormally  high  body  burdens  of 
copper  and  cadmium  were  measured  in  the  early 
rearing  stage  of  steelhead  trout  at  the  Dworshak 
National  Fish  Hatchery.  The  concentrations  de- 
creased as  the  fish  grew,  indicating  that  a  single 
exposure  had  probably  occurred.  Throughout  the 
past  year,  monthly  water  and  fish  samples  were 
taken  to  monitor  seasonal  fluctuations  in  copper, 
zinc,  and  cadmium  levels  at  the  hatchery.  Steel- 
heads  in  the  reuse  system  at  the  Seattle  National 
Fishery  Research  Center  were  used  as  a  control. 
Heavy-metal  concentrations  in  the  water  were  less 
than  0.01  ppm  for  each  sample  (determinations  of 
the  body  burden  of  these  metals  are  incomplete). 
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Rivera  Flowage,  Bradford,  Maine.  Beaver  flowages  3-5  years  in  age  that  contain  dense,  emergent  herbaceous  vege- 
tation produce  abundant  macroinvertebrates  important  to  black  duck  hens,  especially  during  the  laying  season,  and 
to  growing  ducklings.  Photo  by  J.  R.  Longcore. 


Migratory  Birds 


MIGRATORY  BIRD  AND 

HABITAT  RESEARCH  LABORATORY 

Research  on  Black  Duck  Breeding  Habitat  in 
Maine.  A  contract  study  with  the  University  of 
Maine  at  Orono  investigated  the  importance  of 
aquatic  invertebrates  as  food  for  black  ducks  on 
their  breeding  ground,  compared  the  energy  and 
nutrient  content  of  plant  and  invertebrate  foods, 
and  related  the  seasonal  physical  condition  of 
female  black  ducks  to  the  stresses  of  nesting  and 
winter  weather.  Natural  foods  consumed  by  nest- 
ing black  ducks  and  their  young  contained  levels 


of  important  nutrients  well  above  estimated  mini- 
mum requirements.  On  the  basis  of  field  sam- 
pling, the  following  wetland  cover  types  were 
ranked  in  decreasing  order  of  importance  accord- 
ing to  invertebrate  abundance  and  potential  value 
for  feeding  waterfowl:  dense  herbaceous  (marsh) 
emergents,  sparse  herbaceous  emergents,  dense 
ericaceous  (heathlike)  emergents,  sparse  erica- 
ceous  emergents,  floating-leaved  plants,  and 
flooded  timber.  This  preliminary  research  suggests 
that  maintenance  of  stands  of  herbaceous  emer- 
gents should  be  an  important  objective  in  wetland 
habitat  management  in  Maine. 
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Klimavicz  Flowage,  Dover-Foxcroft,  Maine.  Beaver  flowages  20-30  years  old  produce  fewer  macroinvertebrates 
(important  foods  of  black  ducks  and  other  waterfowl)  than  do  flowages  3-5  years  old.  Photo  by  J.  R.  Longcore. 


Canvasback  Banding  Records  Analyzed.  Recent 
concern  for  the  apparent  decline  of  North  Ameri- 
can canvasback  populations  has  emphasized  the 
need  for  recent  estimates  of  critical  population 
characteristics  for  this  prized  waterfowl  species. 
Winter  banding  and  recovery  data  from  three 
populations  of  canvasbacks  were  therefore  ana- 
lyzed, and  survival  and  recovery  rates  were  esti- 
mated. Mean  annual  survival  rates  for  males 
ranged  from  about  70  to  75%  for  the  three  popu- 
lations; survival  rates  for  females  ranged  from 
about  0.55  to  75%.  In  two  of  the  populations, 
female  canvasbacks  had  significantly  lower  sur- 
vival rates  than  males.  Survival  rates  were  also 
shown  to  vary  geographically,  suggesting  that  can- 
vasbacks should  not  be  managed  on  a  continental 
basis.  Evidence  of  year-to-year  variation  in  both 
survival  and  recovery  rates  was  found  in  studied 
populations.  Although  lower  recovery  rates  were 
noted  during  periods  of  restrictive  hunting  regula- 
tions, confirming  that  hunting  pressure  is  influ- 
enced by  changes  in  regulations,  the  relationship 


was  not  clear-cut.  (It  appears  that  winter  banding 
programs  can  provide  a  means  of  estimating  some 
key  population  variables  for  canvasbacks.)  The 
feasibility  of  using  data  from  recaptured  banded 
birds  to  estimate  adult  survival  rates  rather  than 
relying  entirely  on  band-recovery  information 
submitted  by  hunters  is  now  being  evaluated.  This 
approach  might  be  especially  useful  for  monitor- 
ing canvasback  survival  because  the  restrictive 
hunting  regulations  for  this  species  result  in  rela- 
tively few  band  recoveries. 

Shore  and  Upland  Game  Bird  Contract  Re- 
search Continues.  The  Laboratory  annually 
awards  $175,000  in  contracts  to  State  Fish  and 
Game  Departments  and  to  universities  for  re- 
search on  migratory  shore  and  upland  game  birds. 
Species  studied  include  woodcock,  mourning 
doves,  snipe,  rails,  gallinules,  sandhill  cranes,  the 
American  coot,  white-winged  doves,  and  band- 
tailed  pigeons.  Funds  are  administered  through 
the  Laboratory's  Accelerated  Research  Program 
for  Migratory  Shore  and  Upland  Game  Birds. 
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Black  ducks  trapped  in  early  spring  are  fitted  with  transmitters  to  monitor  habitat  usage  in  south-central  Maine. 
Photo  by  J.  K.  Ringelman. 


Twenty-six  projects  in  17  States  received  these 
special  funds  in  fiscal  year  1978.  Six  of  the 
projects  are  being  conducted  by  State  Fish  and 
Game  Departments  and  20  by  universities,  which 
include  four  Cooperative  Wildlife  Research  Units 
(Louisiana,  Missouri,  Oklahoma,  and  Pennsyl- 
vania). The  purpose  of  the  program  is  to  gain  in- 
formation needed  for  more  effective  management 
of  this  important  resource. 

The  nature  of  the  research  varies.  For  the  more 
heavily  hunted  species,  studies  often  focus  on 
specific  problems  of  management.  For  exam- 
ple, during  fiscal  year  1978,  contract  research  on 
mourning  doves  increased  our  understanding  of 
crop  gland  activity  in  relation  to  breeding  activity. 
This  research  is  especially  timely  because  of  con- 
cern over  the  possible  impact  that  September 
hunting  may  have  on  mourning  dove  recruitment. 
A  variable  percentage  of  hunter-harvested  adult 
doves  across  the  country  each  year  shows  indica- 
tions of  crop  gland  activity,  suggesting  that  adult 
birds  may  still  be  feeding  young  when  hunting  sea- 
sons begin.  This  study  indicated  that  in  captive 
pairs,  crop  development  began  by  the  9th  day  of 
egg  incubation  and  then  greatly  accelerated  from 
hatching  at  14  days  until  the  nestlings  were  5  days 
old.    Crop    glands    became    inactive    earlier    in 


females  than  in  males,  but  by  18  to  20  days  after 
hatching,  all  crop  glands  were  inactive.  The  im- 
pact of  September  hunting  on  late-season  nesting 
is  the  subject  of  a  major  cooperative  study  being 
conducted  by  State  Fish  and  Wildlife  Agencies 
and  the  U.S.  Fish  and  Wildlife  Service. 

Research  on  some  species  of  shore  and  upland 
game  birds  is  fundamental  in  its  approach  because 
of  the  need  for  basic  information.  For  instance,  a 
study  of  the  common  snipe  in  Montana  provided 
information  on  snipe  distribution,  migration 
chronology,  breeding  biology,  and  harvest  in  the 
State.  The  study  indicated  that  84%  of  the  harvest 
and  80%  of  the  hunting  pressure  for  snipe  oc- 
curred in  the  Rocky  Mountain  highlands  in  the 
western  half  (Pacific  Flyway  portion)  of  the  State. 
This  area  coincides  with  the  snipe  breeding  habitat 
located  and  mapped  during  the  study.  The  moist 
intermountain  valleys  with  sedge  bogs,  meadows, 
and  stream  edges  provide  the  best  snipe  breeding 
habitat.  Peak  fall  migration  occurred  in  October 
and  resulted  in  a  threefold  increase  in  birds.  This 
study  showed  that  snipe  harvest  in  Montana  is 
small,  with  estimates  of  450  hunters  harvesting 
1,350  snipe.  By  comparison,  Florida  hunters  har- 
vest 197,000.  All  available  information  suggests 
that  huntiim  removes  only  a  small  fraction  of  the 
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overall  snipe  population  and  that  this  species 
offers  much  additional  hunting  opportunity. 

Technical  Literature  Compiled  on  the  American 
Woodcock.  A  bibliography  has  been  compiled  of 
scientific  references  published  between  1927  and 
1978  on  the  woodcock.  The  cutoff  date  of  1927 
was  chosen  for  early  literature  because  of  the  im- 
portance of  Arthur  Cleveland  Bent's  work  in  that 
year.  Most  articles  before  1927  are  descriptive  and 
do  not  add  appreciably  to  the  scientific  literature 
on  the  species.  An  excellent  listing  of  the  early 
literature  may  be  found  in  the  1936  monograph  by 
Olin  Sewall  Pettingill,  Jr.  No  previously  published 
bibliography  devoted  solely  to  woodcock  is  avail- 
able. 

This  compilation  of  technical  literature  on  the 
woodcock  is  primarily  intended  as  an  aid  to  wild- 
life researchers  and  managers.  Many  important 
references  on  woodcock  are  not  found  in  scientific 
journals  but  occur  in  Pittman-Robertson  Reports, 
Woodcock  Workshop  Proceedings,  university 
theses,  and  in  the  proceedings  of  regional  wildlife 
conferences.  Each  of  these  sources  was  searched 
for  relevant  reports.  Wildlife  Review,  Biological 
Abstracts,  Zoological  Record,  and  the  Fish  and 
Wildlife  Reference  Service  (an  information  re- 
trieval service)  were  the  additional  sources  con- 
sulted. 

Timing  of  Adult  Primary  Molt  in  Mourning 
Doves.  The  timing  of  the  adult  primary  molt  in 
mourning  doves,  the  earliest  dates  of  its  comple- 
tion, and  the  variability  in  molt  rate  among  years 
and  between  sexes  were  studied  in  North  and 
South  Carolina.  Recaptures  of  8,047  banded  adult 
mourning  doves  were  used  to  document  the  timing 
of  the  molt  and  to  predict  the  earliest  dates  of 
completion.  Variability  of  molt  rate  was  based  on 
403  recaptures.  Substantial  numbers  of  adult 
doves  in  the  Carolinas  had  completed  their  pri- 
mary feather  molt  in  September.  Comparison  of 
this  study  with  a  similar  Missouri  study  showed 
that  northern  doves  complete  their  primary  molt 
later  than  southern  doves. 

The  onset  and  completion  of  the  primary  molt 
are  concerns  of  management  because  of  the  im- 
portance of  accurate  age  determination  in  doves 
captured  for  banding,  especially  in  deriving  re- 
cruitment indices  from  dove  wings  submitted  by 
hunters.  Both  young  doves  and  adults  shed  their 
wing  feathers  in  summer.  Complete  replacement 
requires  about  4.5  months.  Before  molt  is  com- 
plete, young  and  adult  doves  can  be  identified  by 
characteristic  differences  in  feather  coloration.  It 


has  generally  been  believed  that  molt  is  completed 
first  by  young  doves,  that  most  birds  that  com- 
plete the  molt  in  September  are  young,  and  that 
adult  birds  can  be  identified  because  they  are  still 
molting  at  that  time. 

Results  of  this  study  indicate  that  many  adults 
that  have  completed  molting  will  be  erroneously 
classified  in  September  as  young  birds.  Conse- 
quently, recruitment  indices  based  on  wings  col- 
lected in  September  are  likely  to  be  biased,  and  re- 
cruitment rates  are  probably  lower  than  past 
estimations. 

Pennsylvania  Woodcock  Hunters  and  Wood- 
cock Harvest  Characteristics.  A  statewide  wing 
survey  (1971-73)  and  hunter  questionnaire  (1974) 
were  used  to  examine  woodcock  harvest  and 
hunter  characteristics  in  Pennsylvania.  A  yearly 
average  of  292  respondents  made  3.9  hunting  trips 
per  hunter  per  season,  flushing  15.1  and  harvest- 
ing 5.1  woodcock.  Bird  dogs  were  used  on  73%  of 
the  hunting  trips,  and  91  °Io  of  all  trips  were  on  pri- 
vate land.  The  average  respondent  was  a  male,  be- 
tween 3 1  and  40  years  of  age.  He  traveled  less  than 
20  miles  to  his  favorite  hunting  cover  and  usually 
hunted  with  a  partner.  The  most  frequent  choices 
among  a  number  of  possible  reasons  for  hunting 
were:  to  enjoy  the  scenery,  to  be  outdoors,  and  to 
work  with  bird  dogs. 

Synthesis  and  Evaluation  of  Avian  Population 
and  Habitat  Data  for  Alabama  and  West  Virginia. 
An  evaluation  of  the  bird  populations  of  West 
Virginia  and  Alabama  included  a  compilation  of 
data  on  specific  habitat  requirements.  Results 
from  the  Breeding  Bird  Survey  (BBS),  the  Breed- 
ing Bird  Census  (BBC),  and  other  published  and 
unpublished  material  available  at  the  Laboratory 
were  used  as  references. 

Figures  obtained  from  the  BBS  were  used  to 
prepare  graphs  that  showed  population  trends  of 
birds  in  the  two  States.  Populations  of  Cooper's 
hawks  had  been  declining  until  about  1970  and 
then  significantly  increased.  The  red-tailed  hawk 
population  also  increased  in  the  eastern  section  of 
the  United  States,  including  Alabama.  In  contrast, 
the  severe  winter  of  1976-77  produced  a  sharp  de- 
cline in  the  bobwhite  population  in  both  West  Vir- 
ginia and  the  eastern  part  of  the  United  States  in 
general.  The  killdeer,  which  had  increased  in  both 
West  Virginia  and  the  eastern  region,  also  suffered 
a  decline.  The  final  report  contains  graphs  of 
population  trends  for  all  other  species  for  which 
there  are  adequate  BBS  data. 

Information  from  the  BBC  was  used  primarily 
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to  construct  tables  that  show  the  breeding  bird 
density  of  different  habitat  types  in  the  two  States, 
including  disturbed  as  well  as  undisturbed  areas. 
Disturbed  habitats  included  strip  mines,  edge, 
logged-over  tracts,  and  areas  in  different  stages  of 
succession  following  disturbance.  Relating  habitat 
type  to  bird  composition  and  abundance  aids 
planners  in  predicting  the  probable  effects  of  pro- 
posed habitat  alterations  on  bird  populations. 

All  the  information  for  each  bird  species  is  on 
computer  tape  in  the  "Runwild"  format  and  can 
be  easily  extracted  by  potential  users.  Specific  in- 
formation can  be  obtained  by  calling  or  writing 
the  Laboratory. 

Close  Correlation  Between  Habitat  and  Breed- 
ing Bird  Populations.  Height  and  density  of  forest 
canopy,  percentage  of  conifers,  annual  precipita- 
tion, and  extent  of  contiguous  similar  habitat  were 
some  of  the  variables  found  by  statistical  tests  to 
have  the  greatest  influence  on  density  of  several 
species  of  forest-  and  edge-inhabiting  birds  during 
the  nesting  season.  These  habitat  characteristics 
and  others  that  could  be  measured  numerically 
were  compared  singly  and  in  combination  with 
densities  of  several  common  species  of  breeding 
birds  in  80  census  plots.  Computer-generated  for- 
mulas based  on  correlations  found  in  these  80 
plots  were  then  used  to  predict  population  densi- 
ties of  the  same  bird  species  in  other  census  plots 
for  which  densities  had  not  yet  been  determined. 
The  observed  populations  in  the  new  plots  were 
significantly  correlated  with  the  predicted  popula- 
tions for  seven  common  species:  Acadian  fly- 
catcher, tufted  titmouse,  blue-gray  gnatcatcher, 
red-eyed  vireo,  Kentucky  warbler,  hooded 
warbler,  and  cardinal.  Correlations  were  not  as 
high  for  the  few  other  species  tested,  suggesting 
that  some  key  habitat  factors  had  not  been  in- 
cluded in  the  initial  analysis.  This  method,  how- 
ever, provides  a  means  of  using  detailed  habitat 
descriptions,  obtainable  at  any  time  during  the 
summer  (and  to  some  degree  even  in  winter),  to 
evaluate  the  ;mpact  of  habitat  changes  on  breed- 
ing bird  populations. 

Harsh  Winter  Causes  High  Mortality  Among 
Nongame  Birds  in  East.  For  the  first  time  in  the 
history  of  the  Breeding  Bird  Survey  (BBS),  the 
eastern  United  States  experienced  an  unusually 
severe  winter  (1976-77).  The  BBS  detected  effects 
of  the  prolonged  cold  weather.  Declines  of  20  to 
50%  were  noted  in  many  bird  species  in  the  1977 
BBS.  The  semihardy  species  that  winter  in  the 
eastern     interior    suffered    the    greatest    losses. 


Index  of  the  Carolina  wren  population  in  the  eastern 
States,  based  on  the  Breeding  Bird  Survey,  in  relation  to 
winter  temperatures  (December-February)  at  Baltimore, 
Maryland.  The  long-term  average  temperature  is  shown 
as  a  dashed  line. 

Species  with  the  most  severe  declines  were  winter, 
Carolina,  and  house  wrens,  golden-  and  ruby- 
crowned  kinglets,  bobwhite,  ring-necked 
pheasant,  eastern  phoebe,  pine  warbler,  eastern 
bluebird,  and  swamp  sparrow.  Despite  the  ex- 
treme cold,  populations  of  certain  hardy  species 
that  have  been  expanding  their  ranges  northward, 
such  as  the  mockingbird,  cardinal,  and  tufted  tit- 
mouse, remained  stable. 

Survey  coverage  continued  to  improve  and  the 
number  of  requests  for  survey  data  increased.  The 
number  of  50-stop  roadside  transects  run  in  1977 
reached  a  new  high,  with  1 ,820  routes  covering  the 
49  continental  United  States  and  all  10  Canadian 
Provinces. 

Transmission-line  Corridor  Causes  Changes  in 
Forest  Bird  Species  Composition.  During  the 
spring  of  1973,  four  breeding  bird  census  transects 
were  established  along  the  proposed  Sequoyah- 
Franklin  transmission-line  corridor  in  Tennessee. 
Ten  sample  points  were  censused  eight  times  on 
each  transect.  The  vegetation  was  also  sampled. 
The  corridor  was  cut  through  this  deciduous  forest 
habitat  the  following  February  and  March.  From 
1974  through  1977,  the  four  breeding  bird  tran- 
sects were  run  four  times  each  spring.  Because  the 
corridor  was  45  m  wide,  birds  were  censused  on 
the  entire  corridor,  its  edge  areas,  and  7.5  m  into 
the  forest  on  each  side. 

In  the  spring  of  1974,  after  the  corridor  was  cut, 
the  ground  was  covered  with  short  grasses  and 
sedge.  Bird  species  diversity  in  this  new  grassland 
habitat  declined  from  1.92(1973)  to  1.78(1974). 

Seven  species  of  breeding  birds  that  held  terri- 
tories in  the  forest  before  the  cut  were  not  ob- 
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served  in  the  open  areas  of  the  corridor.  Those 
species  were  the  yellow-billed  cuckoo,  red-eyed 
vireo,  Kentucky  warbler,  scarlet  tanager,  and 
summer  tanager,  which  winter  in  Latin  America; 
the  blue-gray  gnatcatcher,  which  winters  in  the 
southern  United  States  and  along  the  Gulf  Coast; 
and  the  pine  warbler,  which  winters  on  the  coastal 
plain. 

Six  species  (field  sparrow,  bobwhite,  brown 
thrasher,  eastern  kingbird,  indigo  bunting,  and 
blue  grosbeak)  that  were  not  observed  in  the  de- 
ciduous forest  before  the  cut  were  later  seen  in  the 
open  area  of  the  transmission-line  corridor. 

Although  transmission-line  corridors  through 
large  tracts  of  deciduous  forests  can  increase  total 
diversity,  there  appear  to  be  fewer  species  in  the 
new  grassland  habitat  than  in  the  forest.  Dis- 
turbances in  deciduous  forest  reduce  habitat  for 
some  species  of  migratory  birds  and  increase  it  for 
others.  The  greatest  adverse  impact  is  on  species 
that  winter  elsewhere.  The  positive  impact  is 
greatest  on  species  that  favor  grasslands  and  forest 
edge. 

Handbook  Prepared  on  Statistical  Inference 
from  Band-recovery  Data.  Banding  of  birds  has 
long  been  recognized  as  an  important  research  and 
management  tool,  especially  for  hunted  species. 
Well-designed  banding  programs  provide  infor- 
mation on  a  wide  variety  of  subjects,  including 
survival  rates,  shooting  pressure  (recovery  rates), 
and  the  geographic  and  temporal  distribution  of 
harvest.  A  recently  published  handbook  should 
prove  useful  to  anyone  engaged  in  detailed  analy- 
sis of  band-recovery  records.  It  was  prepared  by 
Service  personnel  in  cooperation  with  statisticians 
at  Cornell  University. 

The  handbook  includes  descriptions  of  a  num- 
ber of  stochastic  models  for  band-recovery  data. 
Band  recoveries  are  modeled  as  random  variables 
that  can  be  described  in  terms  of  recovery  and  sur- 
vival probabilities  and  of  number  of  bandings. 
Actual  banding  and  recovery  data  can  then  be 
used,  in  conjunction  with  these  models,  to  esti- 
mate survival  and  recovery  probabilities  and  their 
sampling  variances  and  covariances.  The  models 
differ  in  their  inclusion  of  one,  two,  or  three  dis- 
tinguishable age  categories  and  in  assumptions 
about  the  degree  of  year-to-year  variation  in  sur- 
vival and  recovery  probabilities.  Comprehensive 
FORTRAN  computer  programs  were  written  to  im- 
plement the  estimation  methods  and  to  provide 
test  statistics  to  be  used  in  choosing  appropriate 
models  for  specific  data  sets.  Instructions  on  the 


use  of  the  computer  programs  and  the  interpreta- 
tion of  output  are  included  in  the  handbook.  The 
handbook  also  contains  suggestions  on  the  com- 
putation of  statistics  to  test  hypotheses  about 
variation  in  survival  and  recovery  probabilities. 
Finally,  the  handbook  contains  a  chapter  on  the 
planning  of  banding  studies,  which  includes  guide- 
lines for  determining  appropriate  sample  sizes. 


NATIONAL  WILDLIFE  HEALTH 
LABORATORY 

Causes  of  Nonhunting  Mortality  of  Migratory 
Birds.  The  diagnosis  and  control  of  diseases  of 
migratory  birds  is  a  primary  concern  of  the  U.S. 
Fish  and  Wildlife  Service.  Effective  disease  con- 
trol resulting  in  reduced  losses  depends  on  early 
detection  of  the  problem,  rapid  and  proper  identi- 
fication of  its  cause,  and  timely  application  of  ap- 
propriate control  measures.  In  1978,  the  Labora- 
tory processed  3,866  diagnostic  specimens  in  field 
and  laboratory  investigations.  In  addition  to  iden- 
tifying the  causes  of  mortality,  these  diagnostic 
findings  are  invaluable  in  establishing  research 
priorities  for  more  comprehensive  investigations. 

In  1978,  avian  botulism  was  a  major  cause  of 
migratory  bird  losses  due  to  bacterial  microor- 
ganisms. Die-offs  from  this  cause  were  docu- 
mented from  New  York,  New  Jersey,  Pennsyl- 
vania, Maryland,  Wisconsin,  Iowa,  Nebraska, 
North  and  South  Dakota,  Montana,  Texas,  Ari- 
zona, Nevada,  Oregon,  and  California.  The 
largest  single  loss  was  estimated  to  be  about 
50,000  birds  in  the  vicinity  of  Billings,  Montana. 

Avian  cholera  was  identified  as  the  cause  of  bird 
losses  in  California,  Nebraska,  Texas,  Iowa, 
Missouri,  Wisconsin,  New  York,  and  Maryland. 
The  isolation  of  Pasteurella  multocida  from  a 
white  pelican  represents  the  first  report  of  avian 
cholera  in  this  species  and  extends  the  known 
range  of  host  susceptibility. 

Isolations  of  Salmonella  enteritidis  (various 
serotypes)  were  also  made  from  a  variety  of  avian 
species  across  the  country.  Songbirds  using  back- 
yard feeders  in  Minnesota,  Wisconsin,  and 
Florida  were  the  source  of  many  of  these  speci- 
mens; other  isolations  were  made  from  an  alba- 
tross on  Midway  Islands  (central  Pacific), 
pheasants  in  Nebraska,  black  and  turkey  vultures 
in  Florida,   and  a  variety  of  species  of   captive 
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Migratory  bird  losses  from  avian  botulism. 
Extensive  losses  from  this  disease  occur 
periodically  throughout  the  United  States. 
This  die-off  near  Billings.  Montana,  resulted 
in  a  loss  of  about  50.000  birds.  Photo  by  Jim 
Runningen 
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Airboats,  plastic  bags,  and  people  power- 
common  ingredients  necessary  to  combat 
migratory  bird  die-offs  and  to  prevent  their 
spread  over  large  areas.  Photo  by  Jim 
Runningen 
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National  Wildlife  Health  Laboratory  person- 
nel conducting  on-site  field  necropsies  to 
evaluate  the  cause  of  mortality  in  birds 
picked  up  during  disease  control  activities. 
The  causes  of  mortality  must  be  monitored 
throughout  the  course  of  disease  control  so 
that  appropriate  adjustments  in  control 
measures  can  be  quickly  made  if  any  new 
problems  erupt.  Photo  by  Jim  Runningen 
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Administering  antitoxin  to  birds  suffer- 
ing from  avian  botulism.  A  very  high  per- 
centage of  birds  treated  in  this  manner 
survive.  Photo  by  Jim  Punningen. 
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A  coot  and  a  Canada  goose  recuperating  from  avian 
botulism  in  a  "hospital  pen"  at  the  Horicon  National  Wild- 
life Refuge.  When  they  recover  the  birds  can  fly  out  of  the 
open-top  pens.  Photo  by  Jim  Punningen 


Burning  is  the  preferred 
method  for  disposing  of 
carcasses  collected  dur- 
ing disease  control  activi- 
ties. This  method  prevents 
environmental  concentra- 
tion of  large  amounts  of 
contaminated  materials  at 
burial  sites.  Photo  by  Jim 
Punningen 
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cranes  in  Wisconsin,  including  some  newly 
hatched  Siberian  crane  chicks.  Other  bacterial 
agents  identified  in  diagnostic  specimens  included 
Mycobacterium  avium,  the  causative  agent  of 
avian  tuberculosis,  and  Aeromonas  hydrophila,  a 
known  pathogen  of  fish  that  is  commonly  isolated 
from  birds  that  appear  to  have  drowned. 

During  the  year  1,166  virus  isolation  attempts 
were  carried  out  for  five  viral  diseases:  avian  in- 
fluenza, Newcastle  disease,  avian  pox,  duck 
plague,  and  inclusion  body  disease  of  cranes 
(IBDC). 

The  role  of  migratory  birds  in  the  distribution 
of  influenza  viruses  is  slowly  being  determined  by 
the  combined  findings  of  these  studies  and  those 
of  other  investigators.  Isolation  of  the  viruses  of 
both  avian  influenza  and  Newcastle  disease  con- 
tinues at  a  low  rate.  No  evidence  of  duck  plague 
virus  activity  has  been  detected  in  the  wild  water- 
fowl populations  examined  during  these  investiga- 
tions. These  findings  do  not  support  the  conten- 
tion that  duck  plague  is  enzootic  among  North 
American  waterfowl. 

The  isolation  from  cranes  of  a  herpes  virus 
(IBDC)  that  also  causes  mortality  in  young  ducks 
and  adult  coots  was  a  significant  biological  find- 
ing. The  broad  spectrum  of  species  susceptibility 
already  evident  for  this  virus  indicates  that  it  may 
be  a  greater  threat  to  the  well-being  of  our  migra- 
tory bird  populations  than  duck  plague. 

When  the  causes  of  migratory  bird  losses  are 
identified  rapidly,  proper  control  measures  can  be 
initiated  in  time  to  reduce  significantly  the  on-site 
losses  and  to  minimize  the  potential  spread  of  the 
problem  to  other  areas.  Procedures  used  to  com- 
bat one  type  of  disease  are  often  ineffective  for  an- 
other. Laboratory  evaluations  are  necessary  to 
confirm  subjective  field  judgments,  thus  avoiding 
mistakes  that  could  result  in  rapid  dissemination 
of  diseases  because  of  mobility  and  gregariousness 
of  many  migratory  bird  species.  The  wildlife 
health  program  of  the  Service  has  resulted  in  the 
annual  savings  of  thousands  of  birds  that  would 
otherwise  be  lost  to  disease.  The  continued  finding 
of  lead  poisoning  in  a  significant  number  of  the 
waterfowl  received  for  necropsy  and  the  continued 
loss  of  bald  eagles  and  other  raptors  to  poaching 
demonstrate  that  we  must  deal  just  as  much  with 
relevant  social  and  political  issues  as  with  the  bio- 
logical factors  involved  in  infectious  disease. 

Discovery  of  New  Herpes  Virus  Infection  of 
Cranes.  A  spontaneous  die-off  of  seven  sandhill, 
five   Japanese,    four   Stanley,    and    two   hooded 


cranes  at  the  International  Crane  Foundation  in 
Baraboo,  Wisconsin,  prompted  a  request  for  as- 
sistance in  determining  the  cause  of  this  mortality. 
Investigations  disclosed  that  the  die-off  was  con- 
fined to  a  large  pen  containing  a  mixed  population 
of  nonbreeding  juveniles  and  adults.  Attempts  to 
isolate  the  causative  virus  resulted  in  isolation  of 
an  unknown  viral  agent  from  three  sandhill  cranes 
and  two  Japanese  cranes. 

Identification  and  characterization  studies  of 
this  virus  showed  it  was  capable  of  forming  intra- 
nuclear inclusion  bodies,  was  ether  sensitive,  was 
heat  labile  after  10  minutes  at  56°  C,  and  con- 
tained DNA  nucleic  acid.  These  characteristics 
and  morphological  findings  clearly  identified  the 
virus  as  belonging  to  the  herpes  group,  and  the  ill- 
ness induced  by  the  virus  was  termed  inclusion 
body  disease  of  cranes  (IBDC). 

Studies  were  then  undertaken  to  determine  the 
range  of  host  susceptibility  to  this  previously  un- 
known virus.  Of  the  species  tested,  3-day-old 
white  Pekin  ducklings  were  the  most  susceptible; 
16-day-old  Pekin  ducklings  and  adult  American 
coots  were  susceptible  when  exposed  to  concen- 
trated doses  of  the  virus,  but  64-day-old  Muscovy 
ducks  and  17-day-old  white  Leghorn  chickens 
were  not  susceptible. 

Serum  samples  from  1 1  surviving  cranes  in  the 
affected  pen  and  sera  from  95  wild  sandhill  cranes 
trapped  in  Wisconsin  and  Indiana  were  tested  for 
neutralizing  antibodies  against  this  virus.  Nine  of 
the  1 1  captive  cranes  tested  had  high  neutralizing 
antibody  titers,  whereas  none  of  the  sera  from  the 
wild  sandhill  cranes  had  the  specific  antibody 
against  this  virus.  These  findings  confirm  that 
IBDC  virus  is  a  new  pathogen  for  sandhill  cranes. 

The  origin  of  IBDC  virus  is  unknown;  however, 
the  captive  crane  population  at  risk  represents  all 
but  one  of  the  world's  species  of  cranes.  These 
birds  were  obtained  from  a  variety  of  sources,  in- 
cluding their  native  lands.  Because  viruses  of  the 
herpes  group  can  produce  latent  infections  during 
which  the  virus  apparently  disappears  from  in- 
fected individuals  for  months  or  years,  the  virus 
may  have  been  imported  with  the  birds.  This 
latency  can  also  aid  the  spread  of  the  virus  to  new 
locations.  The  longevity  of  cranes,  the  nature  of 
herpes  virus  infections,  and  the  lack  oi  species 
specificity  of  the  IBDC  virus  combine  to  create  a 
potentially  hazardous  situation.  These  cranes  and 
their  progeny  must  be  continually  monitored  and 
must  be  maintained  in  isolation  from  free-living 
North  American  avifauna  until  more  is  known 
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Albatross  habits  provided  a  mechanism  for  pox  virus  transmission  on  Midway  Islands.  The  soft  bill  of  the  chick 
became  abraded  by  the  sharp  edges  of  the  hard  bill  of  the  adult  during  the  feeding  process.  These  abrasions  pro- 
vided points  of  entry  for  the  virus.  Photo  by  Milton  Friend. 


about  the  pathogenicity  and  distribution  of  this 
virus  in  nature. 

Control  of  Avian  Pox  Among  Albatross  Chicks 
on  Midway  Islands.  Notification  of  mortality 
among  albatross  chicks  on  Midway  Islands  in  the 
central  Pacific  Ocean  resulted  in  a  joint  endeavor 
involving  personnel  from  the  Laboratory,  the 
Hawaiian  Islands  National  Wildlife  Refuge,  and 
the  U.S.  Navy.  The  large  number  of  endangered 
species  in  the  Hawaiian  Islands  chain  and  the 
potential  for  the  spread  of  the  disease  to  other  is- 
lands by  migratory  birds  made  it  necessary  to 
identify  the  cause  of  the  problem  and  to  apply 
control  measures,  if  possible. 

A  field  investigation  at  Midway  Islands  dis- 
closed that  the  problem  was  confined  to  Sand  Is- 
land and  had  not  crossed  the  channel  to  nearby 
Eastern  Island.  It  was  determined  that  avian  pox 
(a  viral  disease)  caused  the  mortalities  and  that 
differential  rates  of  infection  occurred  among 
species,  age-classes,  and  locations  on  Sand  Island. 
Only  albatross  chicks  were  infected  and  the  inci- 
dence of  infection  was  not  density  dependent.  Pox 
viruses  cannot  penetrate  intact  skin  surfaces, 
lesions  are  generally  confined  to  unfeathered  parts 
of  the  body,  and  transmission  is  generally  accom- 
plished by  insect  vectors. 

Further  investigation   revealed   that   the  green 


Avian  pox  lesions  on  the  bill  and  eye  of  a  Laysan  alba- 
tross chick.  Sight  has  been  lost  in  the  right  eye  as  a  re- 
sult of  infection  with  this  virus.  Photo  by  Milton  Friend. 


blowfly  was  the  most  probable  vector  and  that 
transmission  was  mechanical  (contaminated  foot 
and  mouth  parts  of  the  flies).  Parental  feeding  of 
albatross  chicks  causes  abrasions  in  the  soft  bills 
of  the  chicks  as  they  remove  regurgitated  squid 
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and  other  food  items  from  the  hard,  sharp  bills  of 
the  parent  birds.  These  abrasions  provide  suitable 
points  of  entry  for  the  virus,  and  the  soiling  of 
feathers  around  the  face  with  squid  oil  and  food 
items  attracts  flies  to  this  vulnerable  area.  Dead 
birds  that  became  flyblown,  thus  producing  more 
flies,  contributed  to  the  already  ample  fly  popula- 
tion on  Sand  Island. 

In  addition  to  the  suitable  vector  population, 
certain  habitat  conditions  contributed  to  the  prob- 
lem. Wind  conditions  in  the  open  areas  kept  the 
flies  away  from  albatross  chicks  and  thereby  re- 
duced the  potential  for  transmission  of  the  virus. 
As  the  height  and  density  of  herbaceous  vegeta- 
tion increased,  infection  rates  in  the  birds  also  in- 
creased. Maximum  rates  of  infection  (nearly 
100%)  occurred  in  areas  that  had  a  dense  woody 
overstory  as  well  as  dense  herbaceous  cover.  The 
dense  cover  moderated  the  wind,  thus  enabling 
flies  to  cling  to  the  faces  of  the  chicks.  Numerous 
observations  were  made  of  flies  feeding  and  walk- 
ing on  pox  lesions  on  the  faces  of  infected  birds. 

The  problem  was  controlled  by  a  combination 
of  activities  including  fly  control,  increased  sanita- 
tion (removal  and  disposal  of  dead  carcasses), 
selective  destruction  of  heavily  infected  birds,  and 
hand-cutting  of  vegetation  to  allow  stronger  winds 
to  reach  albatross  chicks.  Enrollees  of  the  Young 
Adult  Conservation  Corps  took  part  in  the  control 
effort  and  materially  contributed  to  its  success.  As 
a  result  of  the  control  measures,  the  problem  was 
confined  to  Sand  Island,  losses  of  albatross  chicks 
from  avian  pox  at  that  location  were  reduced,  the 
potential  spread  of  the  disease  to  other  bird 
species  on  the  Island  was  decreased,  and  a  better 
understanding  of  the  ecological  relations  involved 
in  the  transmission  of  this  disease  among  nesting 
birds  was  obtained. 

Cryogenics  Aid  Studies  of  Interactions  Between 
Viral  Agents  and  Environmental  Pollutants  in 
Migratory  Birds.  Wildlife  organisms  are  often  ex- 
posed within  a  short  period  to  multiple  biological 
insults  such  as  environmental  pollutants,  parasitic 
burdens,  and  microbial  agents.  Despite  this  com- 
mon occurrence,  studies  of  possible  interactions 
between  these  pollutants  and  microbial  agents 
have  been  hampered  by  the  lack  of  adequate  bio- 
logical assay  systems  that  are  flexible,  sensitive, 
and  relatively  inexpensive.  Cell  lines  developed 
from  various  groups  of  wildlife  species  represent  a 
potentially  suitable  model  system  for  detecting  im- 
portant interactions  between  environmental  pol- 
lutants   and    viral    agents,    thereby    providing   a 


mechanism  for  preliminary  evaluation  of  this  type 
of  sublethal  impact. 

Research  is  being  conducted  by  scientists  of  the 
U.S.  Fish  and  Wildlife  Service  to  develop  tissue 
culture  stocks  from  a  variety  of  avian  species  rep- 
resenting a  broad  spectrum  of  native  avifauna. 
Cell  culture  techniques  developed  or  modified 
from  existing  methods  for  harvesting,  growing, 
maintaining,  and  storing  viable  cells  are  being 
used  to  prepare  and  store  cells  from  embryos  col- 
lected at  the  Bear  River  National  Wildlife  Refuge 
in  Utah.  Eggs  from  18  avian  species  representing 
five  genera  were  collected  during  1978  and  frozen 
stocks  were  prepared  from  12  of  these  species. 

Maintenance  of  viable  avian  cells  in  a  frozen 
state  requires  the  development  of  satisfactory 
cryoprotectant  concentrations  and  freezing  rates 
to  prevent  cell  damage  during  the  freezing  process. 
In  addition,  a  recovery  rate  greater  than  50%  for 
the  frozen  cells  is  desired.  Our  preliminary  studies 
with  cells  prepared  from  mallard  and  white  Pekin 
embryos  indicated  that  cell  culture  media  contain- 
ing 10%  dimethyl  sulfoxide  as  a  cryoprotectant 
and  a  controlled  freezing  rate  of  from  1  to  5  Cel- 
sius degrees  per  minute  were  best  for  cell  survival. 
Recovery  rates  of  70%  (mallard)  and  74%  (white 
Pekin)  were  obtained  from  these  embryos. 

Storage  temperature  is  an  important  factor  to 
ensure  good  cell  culture  stocks  of  similar  quality 
for  future  use.  Mallard  cells  stored  at  -76°  C 
underwent  an  80  to  99%  reduction  of  cell  viability 
over  a  period  of  3  to  4  months.  However,  storage 
in  liquid  nitrogen  tanks  at  -196°  C  resulted  in  de- 
creased cell  viability  counts  of  only  0  to  30%  dur- 
ing 2.5  months  of  evaluation. 

Optimal  laboratory  growth  and  maintenance 
procedures  for  cell  cultures  vary  greatly  with  the 
different  species  and  these  variations  are  under  in- 
tensive study.  They  appear  to  be  the  final  hurdle 
to  be  negotiated  before  interaction  studies  can  be 
initiated  with  this  system.  Recovery  rates  of  viable 
frozen  cells  from  nine  avian  species  tested  have 
ranged  from  37  to  100%.  Six  of  those  species  have 
yielded  recovery  rates  greater  than  63%. 

Streptococcosis  in  Eared  Grebes.  Between  mid- 
November  and  mid-December  1977,  agents  of  the 
U.S.  Fish  and  Wildlife  Service  and  the  Utah  Divi- 
sion of  Wildlife  Resources  observed  the  deaths  of 
about  7,500  eared  grebes  on  the  Great  Salt  Lake  in 
northern  Utah.  The  total  number  of  grebes  using 
the  lake  was  not  reported. 

About  10,000  ducks  (roughly  75%  northern 
sho\  clots    and     25%     green-winged     teal)     intei 
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Each  year  an  estimated  1.6  to  2.4  million  waterfowl  die 
from  lead  poisoning.  The  majority  of  this  mortality  goes 
unnoticed  or  undetected  because  it  occurs  after  the 
hunting  season.  This  late  winter  die-off  in  central 
Nebraska  resulted  in  a  loss  of  more  than  1,500  mallards. 
Photo  by  Jim  Runningen. 


mingled  with  the  grebes,  and  hundreds  of  gulls 
(species  not  reported)  fed  on  grebe  carcasses,  but 
these  species  showed  no  signs  of  illness. 

The  body  cavities  of  many  of  the  grebe  car- 
casses had  been  opened  by  scavengers,  making 
them  unsuitable  for  microbiological  examination, 
but  12  in  good  condition  were  submitted  to  the 
Bear  River  Research  Station  for  necropsy.  Heavy 
layers  of  subcutaneous  fat  suggested  that  the  ill- 
ness was  acute.  Buff-colored  livers  were  enlarged 
and  friable;  lungs  were  congested  and  filled  with 
fluid. 

Stain  preparations  of  liver,  lung,  spleen,  and 
heart  blood  disclosed  the  presence  of  numerous 
cocci  in  pairs  and  short  chains.  This  bacterium, 
isolated  on  laboratory  culture  media,  was  identi- 
fied as  Streptococcus  zooepidemicus. 

This  outbreak  has  two  noteworthy  aspects:  It  is 
the  first  reported  instance  of  epizootic  strepto- 
coccosis in  wild  birds,  and  it  occurred  at  the  same 
site  where,  in  late  1975,  an  outbreak  of  erysipelas 
also  selectively  affected  eared  grebes. 


NATIONAL  FISH  AND 
WILDLIFE  LABORATORY 

Habitat  Use  and  Breeding  Biology  of  Willets.  In 

this  2nd  year  of  the  study  of  willets,  refined  tech- 
niques for  trapping  and  marking  enabled  us  to 
mark  70  breeding  adults  on  the  Wallops  Island 
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News  coverage  of  wildlife  die-offs  often  results  in  on- 
site  visitation  by  the  press.  This  field  operation  is  being 
filmed  during  the  early  diagnostic  stages  of  a  lead 
poisoning  die-off  in  Nebraska.  Photo  by  Jim  Runningen 


(Maryland)  study  area  and  25  at  a  secondary  site. 
Both  areas  are  situated  in  barrier  island/salt 
marsh  systems.  Because  of  the  high  mortality  suf- 
fered by  birds  marked  with  patagial  tags  in  1977, 
dyes  and  color-bands  were  used  this  year  instead 
of  the  tags.  Habitat  use  varied  in  the  population  as 
a  whole  but  was  predictable  for  individual  birds. 
Tidal  creeks  and  low  (wet)  Spartina  alterniflora 
were  the  primary  feeding  habitats,  although  some 
individuals  also  fed  on  the  outer  beach.  Feeding 
territories  of  various  sizes  were  defended;  terri- 
tories on  the  beach  were  probably  larger  than 
those  in  the  marsh  (measurement  of  marsh  terri- 
tories was  more  subjective)  and  there  was  much 
overlap  during  intermediate  tidal  stages.  Some 
birds  maintained  two  feeding  territories  and  de- 
fended a  separate  nesting  area. 

This  year,  the  extremely  high  tides  prevailing 
late  into  the  spring  and  the  frequent  rains  ap- 
parently somewhat  delayed  the  onset  of  nesting. 
Much  of  the  preferred  nesting  habitat  was  so  wet 
that  many  willets  selected  atypically  high  and  dry 
sites  for  nest  placement.  Site  selection  accounted 
in  part  for  increased  hatching  success,  because  the 
selected  areas  harbored  fewer  raccoons.  Seventy- 
seven  nests  were  found  and  basic  data  on  eggs  and 
nest  microhabitat  were  taken.  All  eggs  were  re- 
weighed  and  refloated  periodically  during  incuba- 
tion, and  an  index  to  stage  of  incubation  was  de- 
veloped from  the  flotation  data.  This  index  may 
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be  precise  enough  to  permit  determination  of 
breeding  phenology  of  local  populations  on  the 
basis  of  one-time  sampling. 

Studies  of  the  Biology  of  Terns  and  Related 
Species.  More  extensive  data  now  available  on  the 
age  composition  of  breeding  royal  terns  in  Vir- 
ginia and  North  Carolina  confirm  that  the  age  of 
first  breeding  is  3  years,  that  only  a  comparatively 
small  number  of  3-year-olds  breed,  and  that  this 
number  fluctuates  widely  from  year  to  year. 
Whether  one  sex  is  more  liable  than  the  other  to 
nest  at  this  age  is  not  known.  Breeding  appears  to 
become  general  among  4-year-old  birds;  indi- 
viduals of  this  age  usually  form  the  largest  year 
class  of  the  breeding  populations.  Royal  terns  are 
long-lived,  and  individuals  a  decade  old  are  not 
unusual.  The  longevity  record  is  17,  and  it  seems 
probable  that  older  birds  occur  but  cannot  be 
identified  because  their  bands  have  worn  through 
and  have  been  lost. 

The  royal  tern  and  its  smaller  close  relative,  the 
Sandwich  tern,  nest  in  joint  colonies  in  the  south- 
eastern United  States.  Along  the  Atlantic  Coast, 
royal  terns  far  outnumber  Sandwich  terns,  but  the 
population  of  Sandwich  terns  has  been  increasing 
steadily  and  now  exceeds  1,000  pairs  in  North 
Carolina.  Evidence  indicates  that  the  increase  was 
due  in  part  to  immigration:  a  Sandwich  tern 
banded  as  a  chick  on  the  Gulf  Coast  of  Mississippi 
was  found  nesting  in  North  Carolina. 

Unlike  most  terns,  which  have  little  sexual  di- 
morphism, black  skimmers  show  a  considerable 
sex-based  size  difference.  Criteria  based  on  meas- 
urements and  weight  data  will  enable  field  re- 
searchers to  determine  the  sex  of  essentially  all  live 
adult  skimmers  encountered.  Why  skimmers  are 
more  dimorphic  than  their  close  relatives  the  terns 
and  gulls  is  unclear,  but  the  answer  seems  more 
likely  to  be  related  to  their  unique  feeding  be- 
havior than  to  courtship  display  or  other  social 
behavior. 


NORTHERN  PRAIRIE  WILDLIFE 
RESEARCH  CENTER 

Age-related  Aspects  of  Mallard  Reproduction. 

Several  factors  that  are  potentially  important  to 
recruitment  in  mallard  populations  were  com- 
pared for  yearling  and  adult  hens  in  North  Dakota 
during  two  4-year  periods  (1968-72,  1974-77). 
Status   of   the   reproductive   tracts   of  autopsied 


birds  indicated  that  the  level  of  nesting  activity 
among  adult  breeding  hens  was  28%  higher  (al- 
though not  statistically  significant)  than  among 
yearling  breeders.  Most  yearling  hens  will  nest  at 
least  once  under  optimum  conditions.  In  experi- 
mental studies,  27  of  28  yearling  hens  (96%) 
nested  when  food  was  provided  ad  libitum. 

Physical  condition  of  wild  hens  varied  with  age. 
Adult  hens  were  heavier  and  had  larger  lipid  re- 
serves throughout  the  nesting  season.  Average 
weights  were  1,121.2  ±  121.5  g  for  106  adults  and 
1,070.2  ±  121.3  g  for  44  yearlings.  Lipid  content 
in  carcasses  of  42  adult  breeding  hens  averaged 
24%  higher  than  among  16  yearlings.  On  average, 
adults  began  nesting  activity  5  days  earlier  than 
yearlings  (April  28  vs.  May  3),  and  initial  clutches 
averaged  10.3  ±1.1  eggs  (46  nests)  for  adult  hens 
and  9.3  ±  1.7  eggs  (7  nests)  for  yearlings.  Clutch- 
es of  some  (but  not  all)  hens  gradually  increased 
in  size  over  several  years.  For  example,  one  hen 
laid  clutches  of  9,  8,  9,  10,  10,  11,  and  11  eggs  in 
years  1,  2,  3,  4,  5,  8,  and  9.  Weather  conditions 
during  April  varied  markedly  among  years,  in- 
fluencing timing  of  nest  initiation  and  clutch  size. 

The  results  of  the  study  show  that  certain  repro- 
ductive factors  exhibit  subtle  age-related  differ- 
ences that  may  cause  recruitment  rates  to  vary  be- 
tween yearling  and  adult  hens  breeding  in  the 
Prairie  Pothole  Region,  particularly  during  years 
when  unfavorable  habitat  conditions  are 
widespread. 

Reproductive  Potential  of  Mallards  Under 
Drought  Conditions.  Nesting  activity  by  mallards 
on  the  Medina  Study  Area  in  south-central  North 
Dakota  was  light  under  drought  conditions  during 
the  spring  of  1977.  By  May  10,  only  76  of  783  wet- 
land basins  on  the  36-square-mile  area  held  any 
water,  and  nearly  all  temporary  and  seasonal  wet- 
lands were  dry.  Of  eight  mallard  hens  captured  on 
the  study  area  in  late  April  that  were  radio-marked 
and  monitored  daily,  only  one  is  known  to  have 
made  a  nesting  attempt  (0.1  nest  per  pair).  Pairs 
generally  abandoned  the  area  as  the  nesting  season 
progressed  and  water  conditions  deteriorated.  In 
comparison,  eight  radio-marked  hens  monitored 
on  the  area  during  years  of  favorable  water  condi- 
tions made  14  known  nesting  attempts  (1.8  nests 
per  pair).  Nine  mallard  nests  were  found  on  the 
area  in  1977,  whereas  46  nests  were  found  in  1976 
under  favorable  water  conditions. 

Aquatic  foods  are  less  plentiful  in  drought 
years,  a  factor  that  undoubtedly  contributes  to  re- 
productive    failure.     Experimental     studies     o\' 
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Gadwall  ducklings  in  hatching  eggs  are  marked  with 
small  aluminum  tags  to  facilitate  their  identification  in 
the  future  when  captured  on  brood-rearing  marshes  or 
at  nest  sites.  Photo  by  Harold  F.  Duebbert. 


mallards  have  indicated  that  when  hens  have  little 
access  to  animal  foods,  reproductive  potential  is 
adversely  affected.  Mallard  hens  with  access  only 
to  wheat  (14%  protein)  and  a  supplemental  source 
of  calcium  laid  48%  fewer  eggs  than  did  controls 
fed  a  diet  containing  29%  protein,  the  approxi- 
mate level  of  protein  in  the  natural  diet  under  nor- 
mal  conditions.   Egg  composition   was  also  af- 


fected by  diet  content.  Mean  weight  of  eggs  de- 
clined from  55.9  to  49.0  g  (12%,  P  <  0.001)  and 
mean  yolk  weight  (dry)  from  1 1 .9  ±  1 .3  to  10.2  ± 
1 .0  g  (14%).  The  change  in  yolk  weight  represents 
a  substantial  decrease  in  nutrient  reserves  for  de- 
veloping embryos  and  newly  hatched  young.  The 
addition  of  10  g  of  live  earthworms  daily  to  the 
wheat  diet  of  mallard  hens  during  the  nesting  sea- 
son markedly  improved  egg  hatchability  but  had 
no  effect  on  egg  production,  presumably  because 
of  a  deficiency  of  total  protein  or  of  one  or  more 
essential  amino  acids.  Mallard  hens  under  the 
nutrient  stress  of  a  plant  diet  ovulated  at  irregular 
intervals.  For  example,  hens  on  the  plant  diet 
failed  to  ovulate  an  average  of  1  day  for  every  2 
eggs  laid,  whereas  hens  on  the  control  diet  failed 
to  ovulate  1  day  for  every  4.6  eggs.  (Lengthening 
of  the  laying  interval  because  of  marginal  food  re- 
sources increases  the  probability  of  nest  destruc- 
tion.) Inadequate  access  to  nutrients  can  inhibit 
hens  from  renesting  when  initial  nests  are 
destroyed. 

These  data  indicate  that  mallard  reproduction  is 
sensitive  to  habitat  conditions  that  affect  the 
status  of  food  resources.  Favorable  water  condi- 


Gadwall  duckling  about  22  days  old  that  was  marked  in  a  hatching  egg  with  a  numbered  aluminum  tag  and  later  cap- 
tured on  a  brood-rearing  marsh  one  mile  from  the  nest  in  a  field  of  planted  nesting  cover.  Photo  by  Harold  F. 
Duebbert 


109 


tions  provide  access  to  food  sources  of  high 
quality;  when  shallow  wetlands  go  dry,  the  supply 
of  animal  foods  becomes  scarce,  intraspecific 
strife  increases,  and  nesting  activity  declines. 

Mate  Preference  in  Wild  and  Game  Farm 
Mallards.  Experiments  were  designed  to  determine 
whether  assortative  mating  occurs  in  wild  and 
game  farm  mallards.  Males  raised  with  females  of 
the  same  strain  courted  these  females  more  than 
females  of  the  opposite  strain  and  paired  success- 
fully only  with  females  of  their  own  strain.  Males 
raised  with  females  of  the  opposite  strain  courted 
wild  and  game  farm  females  with  equal  intensity 
and  were  successful  in  pairing  with  females  of 
either  strain.  Although  this  study  does  not  settle 
the  question  of  possible  gene  flow  between  these 
two  mallard  populations,  it  indicates  that  there 
may  be  some  barrier  to  panmixis. 

A  Model  of  Sandhill  Crane  Population  Dy- 
namics. The  impact  of  sport  hunting  on  the  Cen- 
tral Flyway  population  of  sandhill  cranes  has  been 
a  subject  of  controversy  for  several  years.  A  recent 
study  yielded  some  important  information  on 
sandhill  crane  population  dynamics  that  has  been 
incorporated  into  a  mathematical  model  to  assess 
the  long-range  impact  of  hunting  on  the  sandhill 
crane  population. 

The  model  is  a  simple  deterministic  system  that 
embodies  density-dependent  rates  of  survival  and 
recruitment  and  employs  four  kinds  of  data.  The 
first  is  the  size  of  the  spring  population  of  sandhill 
cranes,  estimated  from  aerial  surveys  to  be  be- 
tween 250,000  and  400,000  birds.  The  second  is 
the  age  ratio  in  fall,  used  as  a  measure  of  produc- 
tivity; the  proportion  of  young  in  the  fall  popula- 
tion averaged  11.3%  in  1974-76.  Third  is  the  har- 
vest of  cranes,  estimated  from  a  variety  of  sources 
and  believed  to  be  about  18,000  birds  annually,  or 
about  5  to  6%  of  the  spring  population.  The 
fourth  is  the  age  ratio  of  harvested  cranes;  this 
ratio  is  not  definitely  determined,  but  immature 
birds  are  apparently  2  to  4  times  as  vulnerable  to 
hunting  as  adults. 

Because  sandhill  crane  population  dynamics  are 
poorly  understood,  it  was  necessary  to  try 
numerous  (768  in  all)  combinations  of  survival 
and  recruitment  functions,  and  to  focus  on  the 
relatively  few  (37)  that  yielded  population  sizes 
and  age  ratios  comparable  to  those  of  the  real 
population.  Hunting  pressure  was  then  applied  to 
those  simulated  populations.  In  all  instances, 
hunting  resulted  in  a  lower  asymptotic  crane 
population  with  a  median  decline  of  22%  (range,  5 


to  54%).  The  results  from  this  model  suggest  that 
a  hunted  sandhill  crane  population  might  be  about 
78%  as  large  as  it  would  be  if  left  unhunted. 

Fall  Foods  of  Migrating  Common  Snipe  in 
North  Dakota.  Fall  foods  consumed  by  68  com- 
mon snipe  during  years  of  different  hydrological 
conditions  were  investigated.  Dipteran  larvae 
(mainly  Tipulidae,  Chironomidae,  and  Syrphidae) 
made  up  more  than  80%  of  the  diet  in  1969  and 
1970,  when  semipermanent  marshes  provided  the 
principal  aquatic  habitat.  In  1977,  when  abundant 
precipitation  in  September  filled  dry  wetland 
basins,  snipe  fed  mainly  on  earthworms. 

A  Remote-control  System  for  Capturing  Nest- 
ing Waterfowl.  The  capture  of  breeding  waterfowl 
for  research  purposes  is  often  a  tedious  and  ineffi- 
cient operation.  Findings  of  research  undertaken 
in  North  Dakota  during  the  1976  field  season  indi- 
cated that  many  difficult  trapping  situations  are 
simplified  when  trap  closure  is  triggered  by  a  radio 
signal  sent  from  a  hand-held  transmitter  to  a  re- 
ceiver attached  to  the  trap.  A  remote-control  sys- 
tem developed  for  guiding  model  airplanes  was 
used  for  this  purpose.  The  principal  components 
of  the  system  are  a  transmitter,  receiver,  and 
servo;  power  is  provided  by  1.5-V  alkaline  bat- 
teries. 

During  a  2-month  period,  31  incubating  mallard 
hens  were  captured  with  the  remote-control  sys- 
tem. None  were  injured.  Two  hens  were  missed 
when  the  net  was  accidentally  released  before  the 
hens  returned  to  their  nests,  but  trapping  failures 
caused  by  premature  departures  of  hens  were 
eliminated.  Hens  were  captured  on  the  nest  at  up- 
land sites  (7),  in  nest  baskets  (17),  and  over  water 
in  natural  vegetation  (7).  Hens  at  nest  sites  that 
were  difficult  to  approach  were  captured  by  field 
personnel  operating  transmitters  from  a  moving 
car  or  boat  several  hundred  meters  from  the  trap 
site.  The  unit  was  successfully  test-fired  at  dis- 
tances up  to  1,700  m,  but  most  trap  closures  were 
triggered  within  200  m  of  the  nest  site. 

This  system,  with  minor  modification,  can  be 
adapted  for  use  with  any  spring-released  or  drop- 
door  trap.  Although  we  used  the  system  only  for 
trapping  mallards,  it  is  potentially  useful  for  cap- 
turing other  species. 

Evaluation  of  Waterfowl  Habitat  with  Satellite 
Sensors  and  Computer-aided  Analysis  Tech- 
niques. Landsat  and  Skylab  multispectral  scanner 
(MSS)  data  collected  between  1972  and  1976  were 
analyzed  with  computer-aided  analysis  techniques 
to  evaluate  waterfowl  habitat  conditions  in  study 
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sites  in  east-central  North  Dakota.  The  use  of 
selected  data  from  a  single  near  infrared  wave- 
band was  determined  to  be  the  most  practical  and 
easily  implemented  means  of  mapping  surface 
water  areas.  Maps  and  statistical  tabulations  of 
surface  water  conditions  in  May  and  July  were 
produced  for  each  year.  Landsat  pond  counts 
averaged  only  about  19%  of  the  counts  obtained 
by  Fish  and  Wildlife  Service  aerial  surveys  of  the 
same  area,  largely  because  most  prairie  ponds 
were  smaller  than  the  resolution  capability  of  the 
Landsat.  Landsat  estimates  were  improved  by 
using  correction  factors  derived  from  a  compari- 
son of  high-resolution  aircraft  MSS  data  with 
satellite  data.  The  use  of  certain  multispectral 
analysis  techniques  also  greatly  improved  pond 
number  estimates.  Land-use  analysis  was  achieved 
with  a  pattern-recognition  processing  technique  in 
which  seven  terrain  categories  were  identified. 
Analysis  of  selected  areas  indicated  an  overall 
classification  accuracy  of  about  75%.  Results  of 
Skylab  and  Landsat  data  analyses  were  generally 
comparable.  Data  from  Landsat  and  other  satel- 
lite systems  offer  great  potential  for  monitoring 
changes  in  general  habitat  conditions  over  large 
areas. 

Management  of  Grassland  for  Upland-nesting 
Birds.  Abundant  residual  grassland  vegetation 
offers  the  most  favorable  nesting  habitat  for  up- 
land game  birds  and  upland-nesting  ducks.  More 
nesting  occurs  and  a  greater  proportion  of  the  eggs 
hatch  in  tall,  dense  vegetation  than  in  sparser 
cover.  Cover  management  programs  that  remove 
all  or  part  of  the  vegetation  annually  adversely 
affect  nesting  upland  birds. 

In  the  Northern  Great  Plains  of  the  United 
States,  the  goal  of  grassland  habitat  management 
for  upland-nesting  ducks  and  upland  game  birds 
should  be  to  provide  abundant  residual  vegeta- 
tion. In  most  areas,  manipulation  to  disrupt  vege- 
tative succession  and  restore  vigor  will  be  needed 
to  maintain  prime  cover.  Periodic  treatments  by 
prescribed  burning,  short-term  heavy  grazing,  or 
mowing  should  be  carried  out  whenever  needed  to 
restore  maximum  height  and  density  of  residual 
vegetation.  These  treatments  should  be  accom- 
plished in  as  short  a  time  as  possible  to  reduce  dis- 
ruptive effects  on  nesting  birds  and  other  wildlife. 

Evaluation  of  Waterfowl  Habitat  by  Computer 
Analysis  of  Landsat  Classified  Data.  Maps  pro- 
duced from  Landsat  data  have  proved  useful  as 
base-line  records  of  prevailing  habitat  conditions 
in  the  Prairie  Pothole  Region.  These  classification 


maps  provide  a  geographic  data  base  that  permits 
classified  terrain  features  to  be  combined, 
mapped,  and  manipulated  in  a  variety  of  ways  for 
different  management  tasks  and  management 
decisions.  They  also  permit  analysis  of  spatial 
relationships  among  various  classes  of  terrain. 

The  quality  of  waterfowl  habitat  was  assessed 
on  a  section-by-section  basis  (the  approximate 
home  ranges  of  several  species  of  waterfowl),  and 
these  ratings  were  then  superimposed  on  a  map  of 
the  study  site  to  indicate  the  relative  habitat 
quality  of  the  various  areas  within  the  site.  Pre- 
liminary results  suggest  that  these  ratings  are  valid 
indicators  of  good,  poor,  and  intermediate  habi- 
tat. Such  ratings  should  enable  a  waterfowl  mana- 
ger to  specify  those  portions  of  a  management  dis- 
trict that  should  be  preserved  as  waterfowl  habi- 
tat, those  that  could  become  good  habitat  through 
management  action,  and  areas  of  such  poor 
quality  that  disturbing  them  would  have  little 
effect  on  the  waterfowl  population.  These  ratings 
also  provide  a  useful  basis  for  quantitatively  and 
objectively  analyzing  the  effects  of  various  envi- 
ronmental impacts  (e.g.,  fire,  overgrazing, 
drought,  cultivation)  by  comparing  the  values  be- 
fore and  after  the  event. 


PATUXENT  WILDLIFE  RESEARCH  CENTER 

Urban  Wildlife  Studies.  A  new  field  procedure 
for  measuring  bird  habitat  was  extensively  tested 
in  an  ongoing  effort  to  achieve  a  better  under- 
standing of  the  factors  that  define  bird  popula- 
tions in  the  urban  environment.  The  objective  of 
the  study  was  to  find  a  more  efficient  method  of 
quantifying  habitat  characteristics  in  urban  areas 
and  relating  these  characteristics  to  bird  popula- 
tion density.  The  new  procedure,  for  example,  em- 
phasizes the  ratios  of  the  areas  of  open  lawn  and 
pavement  to  the  areas  with  shrub  and  tree  cover. 
Such  ratios  can  be  more  meaningfully  correlated 
with  bird  populations  than  can  absolute  measures 
of  the  habitat  variables  being  considered,  and 
habitat  data  can  be  collected  relatively  quickly  be- 
cause private  property  can  be  "sampled"  without 
having  to  obtain  the  permission  of  property 
owners.  The  species  diversity  of  trees  and  shrubs 
and  the  structure  of  vegetation  are  also  examined. 
The  habitat  characteristics  of  79  2-acre  study  plots 
distributed  in  nine  residential  developments  near 
Washington,  D.  C,  were  measured.  These  char- 
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Gadwall  nest  in  field  of  planted  nesting  cover  composed  of  intermediate  wheatgrass  and  alfalfa.  The  pole,  marked  in 
decimeters,  is  used  to  obtain  information  on  height  and  density  of  vegetation  at  nest  sites.  Photo  by  Kenneth  F. 
Higgins. 


Migrational  homing,  nest  site  fidelity,  and  brood  movements  of  mallards  in  relation  to  fields  of  planted  nesting  cover 
are  being  studied  by  observation  of  hens  marked  with  colored  nasal  discs.  Photo  by  Harold  F  Duebbert. 
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Research  biologists  record  data  on  several  hundred  duck  nests  each  year  to  obtain  information  on  cover  selection, 
hatching  success,  and  population  ecology  ot  upland  nesting  ducks.  Photo  by  Kenneth  F.  Higgms. 
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Young  short-eared  owls  on  a  nest  in  a  field  of  planted  duck  nesting  cover.  Several  species  of  birds  other  than  ducks 
nest  in  this  type  of  cover,  including  American  bitterns,  marsh  hawks,  sharp-tailed  grouse,  and  ring-necked 
pheasants.  Photo  by  Harold  F  Duebbert. 
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acteristics  are  being  related  to  wintering  and 
breeding  bird  counts  that  have  been  conducted  in 
these  areas  for  the  past  3  years.  The  study  areas 
were  all  located  in  residential  developments  that 
had  been  built  on  open  farmland;  they  represent  a 
wide  variety  of  landscaping  and  lot  sizes.  The 
densest  bird  populations  occurred  on  relatively 
small  lots  rather  than  on  large  lots  in  ruralized 
areas. 

In  other  studies,  the  most  cost-effective  mate- 
rials for  use  in  feeding  birds  were  determined.  Pre- 
liminary results  indicate  that  seeds  of  the  oil  sun- 
flower are  superior  to  those  of  the  striped  sun- 
flower, which  are  commonly  used  to  feed  birds. 
The  smaller,  darker  seeds  of  the  oil  sunflower  are 
more  attractive  to  American  goldfinches  and 
mourning  doves  than  are  the  larger  striped  sun- 
flower seeds.  Cardinals  showed  little  preference 
for    sunflower    types,    but    blue   jays    preferred 


striped  sunflower  seeds.  The  two  sunflower  types 
attracted  more  birds  of  a  wider  variety  of  species 
than  did  the  popular,  expensive  "thistle"  seeds, 
and  the  oil  sunflower  was  even  more  effective  than 
thistle  in  attracting  goldfinches,  a  primary  species 
for  which  thistle  is  purchased.  Most  of  the  com- 
mon ingredients  in  wild  bird  feed  mixes,  such  as 
wheat,  milo,  cracked  corn,  whole  peanuts,  peanut 
hearts,  canary  seed,  rice,  and  hulled  oats,  were  less 
attractive  to  most  species  of  birds  than  either  sun- 
flower or  proso  millet.  This  finding  suggests  that 
if  the  sole  objective  is  to  attract  birds,  the  mixes 
could  be  less  complex.  People  seem  to  prefer  a  mix 
that  has  a  wide  variety  of  ingredients.  Therefore, 
until  the  public  is  better  informed,  inexpensive 
heavy  materials  such  as  wheat  and  milo  will  prob- 
ably continue  to  be  included  in  mixes,  even  though 
they  are  less  attractive  to  birds  than  sunflower  or 
proso  millet. 


Mammals  and  Nonmigratory  Birds 


DENVER  WILDLIFE  RESEARCH  CENTER 

Pronghorn  Response  to  Coal  Mine  Construc- 
tion. In  spring  1977,  construction  began  on  the 
East  Decker  mine  in  Montana,  about  20  miles 
north  of  Sheridan,  Wyoming.  Surveys  conducted 
in  1975  and  1976  indicated  that  this  low-lying  area 
on  the  east  shore  of  the  Tongue  River  Reservoir 
was  important  pronghorn  habitat.  Pronghorns 
had  been  frequently  observed  in  the  area  during 
spring  and  summer,  and  numerous  fawns  were  ob- 
served on  lands  to  be  mined. 

In  the  winter  of  1976-77,  the  Sheridan  Field  Sta- 
tion of  the  Denver  Wildlife  Research  Center  con- 
tinued the  study  of  the  importance  of  the  East 
Decker  area  to  pronghorns.  As  part  of  our  evalua- 
tion of  the  impacts  of  coal  development  on  wild- 
life, we  captured  and  marked  27  pronghorns  near 
the  East  Decker  mine  site  between  January  and 
May  1977.  Nine  of  these  pronghorns  were  fitted 
with  radio  transmitters  to  enable  us  to  relocate 
them  at  will.  Six  more  were  instrumented  during 
the  winter  of  1977-78. 


Relocation  of  marked  animals  verified  spring 
and  early  summer  use  of  the  East  Decker  area  in 
1977.  However,  all  marked  pronghorns  (and  pre- 
sumably all  others)  left  the  area  by  early  July,  at  a 
time  when  mine  development  noticeably  intensi- 
fied. This  movement  appeared  to  be  an  avoidance 
reaction,  and  pronghorns  were  not  observed  in  the 
area  again  until  March  1,  1978.  At  that  time,  an 
entire  herd  (some  of  which  were  marked)  moved 
from  their  established  winter  range  4-6  km  south- 
east of  the  mine  to  the  area  bordering  the  coal  pit. 
The  whole  herd  spent  the  entire  month  of  March 
1978  very  close  to  the  pit. 

Why  the  pronghorns  chose  to  move  to  the  edge 
of  the  mine  at  that  particular  time  remains  a  mys- 
tery, but  the  reason  they  stayed  was  obvious.  The 
winter  of  1977-78  in  this  area  was  one  of  the  most 
severe  in  history.  The  established  winter  range  of 
these  pronghorns  was  covered  with  over  20  inches 
of  hard,  crusted  snow  in  early  March.  In  contrast, 
land  adjacent  to  the  mine  was  nearly  free  of  snow, 
and  vegetation  was  already  greening.  Dust  raised 
by  mine  machinery  had  settled  on  the  snow,  result- 
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Red-tailed  hawk  (left)  and  rough-legged  hawk  (right),  raptors  under  study  in  research  on  effects  of  surface  mining  in 
the  western  United  States.  Photos  by  Dean  E.  Biggins. 


ing  in  increased  insulation  and  hence  greater 
warmth.  The  pronghorns  apparently  gave  up  soli- 
tude in  favor  of  more  accessible  food  and  a 
warmer  microclimate. 

Since  spring,  pronghorns  have  remained  in  the 
East  Decker  area.  In  fact,  more  pronghorns  used 
the  area  in  summer  in  1978  than  in  1977,  when 
construction  activities  were  less  noticeable.  Since 
our  work  in  nearby  areas  revealed  annual  shifts  in 
pionghorn  seasonal  ranges,  their  presence  near  the 
mine  in  1978  may  be  only  a  coincidence.  The  pres- 
ence of  pronghorns  near  the  mine  does  not  imply 
that  mining  will  benefit  them  in  the  long  run  or 
that  it  does  them  no  harm.  However,  it  does  indi- 


cate that  mining  will  not  necessarily  cause  prong- 
horns to  abandon  the  area. 

The  pronghorn's  tolerance  of  mining  activities 
will  become  important  as  more  mines  develop  and 
as  the  prairies  are  rebuilt  after  mining.  A  favor- 
able outlook  for  this  species,  which  will  have 
much  of  its  present  range  disturbed  by  coal  min- 
ing, is  that  pronghorns  will  probably  be  available 
to  repopulate  reclaimed  lands. 

Surface  Mining  May  Threaten  Breeding  Rap- 
tors. Widespread  effects  of  surface  mining  on 
breeding  birds  of  prey  are  a  growing  concern  of 
the  U.S.  Fish  and  Wildlife  Service.  Vast  deposits 
of  strippable  coal  underlie  suitable  nesting  habi- 
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The  white-tailed  jack  rabbit  is  an  inhabitant  of  sage- 
brush rangeland.  This  cover  type  was  sprayed  with  2,4-D 
to  increase  grassland  and  water  yield.  Photo  by  Max  H 
Schroeder. 

tats  for  a  variety  of  raptor  species  in  large  areas  of 
the  western  United  States.  Local  populations  of 
uncommon  or  sensitive  birds  of  prey  may  be 
seriously  threatened  by  mining  developments  and 
associated  disturbances. 

To  determine  the  potential  magnitude  of  this 
problem,  we  began  aerial  and  ground  surveys  of 
nesting  raptors  in  1978.  About  680  square  miles  o\~ 
land  in  Campbell  and  Sweetwater  counties,  Wyo- 
ming, were  surveyed  for  raptor  nest  sites  and  the 
reproductive  status  of  breeding  pairs. 

In  Sweetwater  County,  1 18  nest  sites  believed  to 
represent  68  territories  of  red-tailed  hawks,  fer- 
ruginous hawks,  great  horned  owls,  prairie  fal- 
cons, and  golden  eagles  were  examined.  Ferrugi- 
nous hawks  were  the  most  common  large  raptor 
nesting  on  mine  lands  in  this  county.  Impacts  on 
ferruginous  hawks  nesting  on  a  mine  site  and  sur- 
rounding areas  were  believed  to  be  widespread  and 
severe.  Ferruginous  hawks,  which  were  nesting  on 
small  hills  and  rocky  outcrops,  are  extremely  sus- 


ceptible to  even  subtle  disturbances  during  the 
early  stages  of  their  breeding  cycles.  At  least  1 1  of 
37  territories  were  occupied  by  adult  ferruginous 
hawks,  but  young  were  produced  in  only  4.  Al- 
though mining  was  not  under  way  at  the  time  of 
the  raptor  survey,  exploration  activities  were  ex- 
tensive and  undoubtedly  adversely  affected  the 
nesting  success  of  this  raptor. 

The  nest  sites  of  ferruginous  hawks  were  largely 
in  the  open  and  exposed  to  disturbance,  but  the 
cliff  nest  sites  of  eagles,  red-tailed  hawks,  and 
prairie  falcons  seemed  more  secure.  Future  mining 
activities  will  be  conducted  mostly  above  and  be- 
hind the  larger  cliffs  where  most  of  these  birds 
nest,  reducing  direct  impacts  on  nest  sites.  How- 
ever, the  effects  of  habitat  alterations  and  in- 
creased development  on  foraging  areas  are  largely 
unknown  and  may  prove  to  be  equally  important 
limiting  factors  for  breeding  raptor  populations. 

Raptor  nesting  habitats  in  Campbell  County,  in 
contrast  to  most  of  those  in  Sweetwater  County, 
were  relatively  few,  exposed,  and  particularly  sus- 
ceptible to  mining  disturbances.  Only  66  nest  sites 
could  be  located  in  an  area  encompassing  some 
550  square  miles.  Other  than  those  of  ground- 
nesting  ferruginous  hawks,  raptor  nest  sites  were 
restricted  to  scattered  stands  of  cottonwoods  that 
were  found  only  on  intermittent  or  small  perennial 
streams. 

The  situation  for  nesting  eagles  is  especially  pre- 
carious. Only  eight  golden  eagle  nests  could  be 
located  in  the  entire  survey  area,  and  at  least  six 
could  be,  or  already  are,  seriously  threatened  by 
mining  developments.  From  this  hasty  assessment 
of  conflicts  between  a  population  of  nesting  eagles 
and  industry  in  Wyoming,  the  Campbell  County 
situation  is  viewed  as  potentially  one  of  the  worst 
examples  of  mining  impact  that  could  exist.  The 
very  existence  of  this  small  breeding  population  of 
eagles  on  the  coal  lands  of  Campbell  County  is  im- 
periled by  expanding  developments.  It  is  impera- 
tive that  this  population  be  preserved  as  a  nucleus 
of  breeders  for  expansion  into  habitats  created  by 
future  reclamation. 

White-tailed  Jack  Rabbit  Numbers  Continue 
Decline  on  Experimental  Area  2  Years  After 
Aerial  Application  of  Herbicide.  Two  years  after  a 
big  sagebrush-covered  watershed  in  south-central 
Wyoming  was  sprayed  with  2,4-D  herbicide  to  in- 
crease herbaceous  vegetation  and  water  yield, 
white-tailed  jack  rabbit  numbers  were  lower  than 
those  on  a  control  watershed.  In  1977,  1  year  after 
treatment,    eight     jack     rabbits    per    mile    were 
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counted  on  the  control  area  during  night  surveys 
from  a  moving  automobile;  three  rabbits  per  mile 
were  counted  on  the  sprayed  area.  In  1978,  six 
jack  rabbits  per  mile  were  counted  on  the  control 
site  and  only  two  per  mile  on  the  treated  water- 
shed. 

Development  of  a  thick,  herbaceous  ground 
cover,  which  restricted  the  movements  of  jack 
rabbits,  and  loss  of  the  protective  cover  afforded 
by  big  sagebrush  are  considered  important  factors 
in  the  decline  of  jack  rabbit  numbers  on  the 
altered  watershed.  Measurements  of  vegetation 
before  treatment  showed  8.6%  dead  sagebrush  on 
the  watershed.  After  treatment,  67%  of  the  sage- 
brush plants  were  dead  and  an  additional  15% 
were  nearly  dead,  having  leafy  cover  on  fewer 
than  half  of  their  stems. 

During  pretreatment  years,  1968-75,  measure- 
ments of  vegetative  production  indicated  simi- 
larity between  watersheds;  differences  of  only  5  to 
10  pounds  of  herbaceous  vegetation  per  acre  were 
recorded.  Since  treatment,  measurements  indicate 
that  grass  cover  on  the  treated  area  has  increased. 
Vegetative  production  on  the  altered  area  in  1977 
was  3  times  as  great  as  on  the  control  area,  and 
when  production  was  compared  between  water- 
sheds for  the  3  years  since  treatment,  total  produc- 
tion had  doubled.  Studies  have  shown  that  where 
growth  of  grasses  and  weeds  has  increased  because 
of  greater  moisture  or  reduced  grazing,  the  carry- 
ing capacity  for  black-tailed  jack  rabbits  was 
lowered.  We  believe  that  the  white-tailed  jack 
rabbits  on  the  altered  watershed  in  south-central 
Wyoming  were  similarly  affected. 

Yellowstone  Grizzly  Bear  Study.  The  Inter- 
agency Grizzly  Bear  Study  Team  is  conducting 
studies  on  the  population  dynamics,  behavior,  and 
habitat  of  grizzly  bears  within  the  Yellowstone 
system.  The  Team  is  made  up  of  a  representative 
from  each  of  six  agencies:  U.S.  Fish  and  Wildlife 
Service,  U.S.  Forest  Service,  U.S.  National  Park 
Service,  and  the  Fish  and  Game  Departments  of 
the  States  of  Idaho,  Montana,  and  Wyoming. 

One  part  of  the  study  that  is  nearing  completion 
is  the  determination  of  den  requirements  and  some 
aspects  of  denning  activities  in  Yellowstone.  Most 
of  the  dens  examined  during  the  study  were  lo- 
cated in  subalpine  fir-whitebark  pine  habitat 
types.  All  dens  were  on  hillsides  of  various  degrees 
of  steepness  (range  of  slope,  20°  to  75°).  North- 
erly aspects  were  more  often  selected  for  den  sites, 
although  all  aspects  were  used.  Most  bears  dug 
their  dens  through  natural  caves,  but  one  bear 


The  Clark's  nutcracker  is  a  resident  of  subalpine  habi- 
tats in  the  Rocky  Mountain  West.  Photo  by  Max  H. 
Schroeder. 


used  a  hollow  tree. 

Over  a  3-year  period  (fall  1975  through  spring 
1978),  data  were  collected  on  the  cold-weather 
denning  of  26  grizzly  bears.  The  amount  of  time 
an  individual  bear  spent  in  its  den  during  the  den- 
ning season  ranged  from  81  to  200  days. 

Snags  Used  by  Cavity-nesting  Birds  in  the  Sub- 
alpine Zone  of  Colorado.  In  1977  the  U.S.  Forest 
Service  adopted  a  snag  management  policy  to  pro- 
vide habitat  needed  to  maintain  viable,  self-sus- 
taining populations  of  cavity-nesting  and  snag-de- 
pendent wildlife  species  on  the  national  forests. 
Snags  serve  a  variety  of  purposes  in  natural  timber 
stands.  Many  hole-nesting  birds  and  mammals 
nest  in  snags,  and  ospreys  generally  use  snags  for 
nest  structures.  Snags  are  favorite  perches  of 
band-tailed  pigeons  and  are  used  by  raptors  and 
fly-catching  birds  for  hunting,  feeding,  and  roost- 
ing. Red  squirrels  and  some  birds  store  food  in 
snags,  and  woodpeckers  feed  on  insect  larvae  in 
trunks  of  dead  trees.  Recent  emphasis  on  the  use 
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of  logging  slash  and  standing  dead  trees  for  wood 
fiber  could  conflict  with  snag  management  goals. 
Since  not  all  snags  are  suitable  for  both  wildlife 
nesting  sites  and  wood  fiber,  some  trade-offs 
should  be  possible.  However,  if  forest  managers 
are  to  develop  beneficial  snag-management  pro- 
grams, they  must  acquire  much  additional  infor- 
mation on  snag  use  in  relation  to  timber  types. 

To  gain  some  insight  into  the  characteristics  of 
snags  used  in  the  subalpine  zone,  we  surveyed 
1,722  lodgepole  pine,  subalpine  fir,  and  Engle- 
mann  spruce  snags  for  evidence  of  use  by  cavity- 
nesting  birds.  Snags  of  all  three  species  of  trees 
were  used  by  cavity  nesters.  The  factors  evaluated 
included  snag  height,  tree  diameter,  bark  cover, 
top  condition,  slope,  and  aspect.  Most  snags  used 
by  cavity-nesting  birds  were  more  than  8  inches  in 
diameter  (at  breast  height)  and  had  broken  tops. 
None  of  the  other  characteristics  examined  seemed 
to  be  important  in  nest  site  selection. 

Ten  nest  holes  were  in  live  trees  and  all  but  one 
were  in  dead  tops  or  in  scars.  One  nest  was  in  the 
live  wood  of  a  broken-top  lodgepole  pine  tree. 

In  the  subalpine  zone,  about  one  snag  per  acre 
showed  evidence  of  use  by  cavity-nesting  birds. 
Snags  are  subject  to  windfall,  and  it  is  recom- 
mended that  all  broken-top  snags  and  broken-top 
live  trees  over  8  inches  in  diameter  be  left  uncut 
during  timber  harvest  to  provide  present  and 
future  homes  for  wildlife  dependent  on  snags. 

Nongame  Animals  Counted  on  Sheldon  Na- 
tional Wildlife  Refuge,  Nevada.  Sampling  was 
conducted  on  six  ecological  sites  in  Sheldon  Na- 
tional Wildlife  Refuge,  northeastern  Nevada,  in 
summer  1978,  to  identify  nongame  bird  and  mam- 
mal species,  estimate  their  relative  abundance,  and 
develop  base-line  population  records.  Base-line  in- 
formation will  help  managers  to  interpret  and  pre- 
dict the  changes  in  diversity  and  numbers  of  non- 
game  species  resulting  from  specific  management 
activities. 

Passerine  birds  were  counted,  either  by  sight  or 
by  sound,  along  paired  transect  lines  1  km  long  in 
each  habitat  type.  Surveys  for  small  birds  were 
started  in  early  May,  conducted  in  early  morning 
on  each  of  3  consecutive  days,  and  repeated  in 
four  separate  survey  periods  ending  July  15.  Di- 
versity of  species  and  relative  occurrence  of  each 
species  in  each  vegetation  type  were  determined. 
Small  mammals  were  caught  by  snap  traps  placed 
at  15-m  intervals  along  20  paired  285-m  transect 
lines  in  each  habitat  on  3  consecutive  days  in 
August. 


Results  showed  that  71  species  of  birds  used  the 
sampled  areas  during  the  breeding  period.  Areas 
having  greatest  diversity  of  habitat  (mixed  trees 
and  shrubs  or  water)  were  richer  in  numbers  of 
species  than  those  that  tended  to  have  monotypic 
stands  of  vegetation.  Sites  having  the  most  bird 
species  were  curlleaf  mountainmahogany  (39), 
meadow  (37),  and  juniper  (31).  The  next  most  pro- 
lific were  black  greasewood  (26),  big  sagebrush 
(19),  and  low  sagebrush  (10).  Ranking  of  sites  by 
density  of  birds  differed.  Low  sagebrush  habitat 
had  the  greatest  bird  density  (2.27  birds  per 
hectare),  followed  by  meadow  (2.04),  big  sage- 
brush (1.86),  black  greasewood  (1.73),  curlleaf 
mountainmahogany  (1.69),  and  juniper  (1.62). 

Diversity  of  species  of  small  mammals  impor- 
tant to  avian  and  mammalian  predators  was 
greatest  in  black  greasewood  (six  species)  and 
lowest  in  low  sagebrush  (two).  Numbers  caught  by 
snap  traps  showed  that  deer  mice  were  relatively 
abundant  and  common  to  all  habitats.  Popula- 
tions of  deer  mice  ranged  from  two  to  five  per 
hectare  except  in  black  greasewood  and  juniper, 
where  the  estimate  was  one.  Total  numbers  of 
mice  of  all  species  was  largest  in  curlleaf  moun- 
tainmahogany and  smallest  in  black  greasewood. 

Other  species  of  mammals  caught  were  few  and 
population  estimates  were  low.  Numbers  cap- 
tured, by  habitat,  included  the  pinyon  mouse  in 
juniper  (1),  the  northern  grasshopper  mouse  in 
meadow  (1),  and  the  desert  woodrat  in  black 
greasewood  (5).  The  sagebrush  vole,  the  only 
microtine  captured,  was  caught  in  low  sagebrush 
(1),  big  sagebrush  (2),  and  juniper  (1).  Great  Basin 
pocket  mice  were  taken  in  black  greasewood  (2), 
big  sagebrush  (1),  curlleaf  mountainmahogany 
(10),  and  juniper  (2).  Ord's  kangaroo  rats  were 
caught  in  meadow  (6)  and  dark  kangaroo  mice  in 
black  greasewood  (2). 

Sciurids  captured  were  least  chipmunks  (27), 
taken  in  all  habitats  except  low  sagebrush;  white- 
tailed  antelope  ground  squirrels  (3),  caught  only  in 
black  greasewood;  and  Belding's  ground  squirrel 
(1),  taken  in  meadow. 

Research  on  Moose  Carrying  Capacity  in 
Alaska.  A  cooperative  research  project  to  deter- 
mine the  capacity  of  the  Kenai  National  Moose 
Range  to  support  moose  is  being  conducted  by  the 
Center,  the  Alaska  Department  of  Fish  and  Game, 
and  the  Kenai  National  Moose  Range.  This  am- 
bitious research  effort  has  two  phases:  (1)  to  meas- 
ure the  amount  and  quality  of  moose  forage  on 
the  Range,  and  (2)  to  determine  the  requirements 
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Tame  moose  calf  used  in  carrying  capacity  research  on  the  Kenai  National  Moose  Range  in  Alaska.  Photo  by  Mar\ 
Ford. 


of  moose  for  various  nutrients.  These  data  will  be 
incorporated  into  a  mathematical  model  to  help 
Range  personnel  to  determine  the  optimum  popu- 
lation of  moose  that  the  Range  can  support  with- 
out deleterious  effects  on  the  habitat. 

The  vegetation  on  the  1.7-million-acre  Kenai 
Range  is  being  categorized  into  several  types  by 
analysis  of  aerial  photographs.  The  amount  of 
moose  forage  produced  in  each  vegetation  type  is 
determined  by  clipping  and  weighing  the  vegeta- 
tion on  representative  sample  plots.  Tame  moose 
now  being  raised  and  trained  for  use  as  experi- 
mental animals  for  determination  of  their  require- 
ments for  energy  and  essential  nutrients  will  be 
subject  to  various  testing  procedures. 


NATIONAL  FISH  AND  WILDLIFE 
LABORATORY 

Biological  Surveys  in  Baja  California  and  Con- 
tiguous Areas.  Baja  California,  including  the  Sea 


of  Cortez  and  associated  islands,  is  probably 
unique  among  the  biotic  provinces  of  North 
America.  The  impact  on  the  area's  biotic  integrity 
that  is  created  by  establishment  of  highways,  de- 
velopment of  tourism  and  recreational  facilities, 
exploration  and  exploitation  of  natural  resources, 
and  development  of  ancillary  facilities  is  of 
mutual  concern  to  the  governments  of  Mexico  and 
the  United  States.  Additional  concerns  relate  to 
agricultural  development,  potential  energy  de- 
velopment, and  the  introduction  of  exotic  species. 
Protection  of  natural  areas,  threatened  and  en- 
dangered environments,  and  habitats  of  migratory 
species,  of  fragile  mountain,  desert,  and  seashore 
areas,  and  of  sites  of  national  and  international 
archeological  and  historic  significance  is  involved. 
Because  U.S.  citizens  will  play  a  leading  role  in 
total  environment  of  the  area,  the  U.S.  Fish  and 
Wildlife  Service  has  grave  responsibilities  in  this 
area. 

In  recognition  of  these  responsibilities  the  Na- 
tional Fish  and  Wildlife  Laboratory,  in  coopera- 
tion with  personnel  of  the  Direccion  General  de  la 
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Fauna  Silvestre,  has  conducted  biological  surveys 
on  Isla  Tiburon  in  the  Sea  of  Cortez,  and  in  the 
Cape  Region  of  Baja  California  Sur.  Preliminary 
efforts  have  focused  on  the  composition  of  the 
herptiles,  birds,  and  mammals  and  on  a  basic  in- 
ventory of  the  associated  plant  communities.  The 
results  for  mammals  are  typical  of  this  ongoing 
effort. 

Tiburon,  the  largest  island  in  the  Sea  of  Cortez, 
also  possesses  the  largest  mammalian  fauna  of  any 
of  the  islands — 20  species,  14  of  them  terrestrial. 
In  contrast,  the  adjacent  Sonoran  mainland  has 
about  40  species  of  terrestrial  mammals.  The  is- 
land mammals  all  show  closest  affinity  to  species 
on  the  Sonoran  side  of  the  Sea  of  Cortez.  About 
half  of  the  mammals  on  Tiburon  represent  en- 
demic subspecies  of  mammals  found  on  the  main- 
land. The  remainder  are  either  identical  to  main- 
land species  or  are  unstudied;  taxonomic  studies 
under  way  will  elucidate  their  status.  In  general, 
the  mammalian  fauna  appears  healthy  and  shows 
few  effects  of  man's  limited  presence,  thus  reflect- 
ing the  generally  pristine  nature  of  the  island  it- 
self. 

Conversely,  the  Cape  Region  of  Baja  California 
Sur  is  subjected  to  increasing  human  pressure  now 
that  the  peninsular  highway  is  complete.  Studies 
here  have  focused  on  the  status  of  vertebrates  en- 
demic to  this  unique  area.  A  faunal  inventory  of 
the  Sierra  Laguna  was  started  in  November  and 
December  1977  to  obtain  data  for  comparison 
with  earlier  studies. 

Fossil  Bat  Remains  Suggest  Climatic  Changes. 
Fossil  bat  remains  uncovered  more  than  50  years 
ago  have  recently  been  identified  as  the  California 
big-eared  bat  by  scientists  from  the  Laboratory 
and  the  Smithsonian  Institution.  The  fossils  were 
recovered  from  an  abandoned  cinnabar  mine  near 
Terlingua,  Brewster  County,  in  the  Big  Bend  re- 
gion of  western  Texas.  This  find  is  the  only  fossil 
record  for  the  species,  and  it  lies  in  a  geographi- 
cally interesting  position,  about  450  km  from  the 
closest  modern  sites  on  record,  in  southwestern 
Chihuahua,  Mexico. 

Recent  taxonomic  studies  of  California  big- 
eared  bats  revealed  the  existence  of  two  closely  re- 
lated species  that  look  very  much  alike  externally. 
With  the  use  of  correctly  identified  reference 
samples  of  the  two  species,  the  fossils  were  as- 
signed to  the  species  Macrotus  catifornicus  by  a 
multivariate  statistical  computer  program. 

The  occurrence  of  the  California  big-eared  bat 
in  the  Big  Bend  region  some  10,000-15,000  years 


ago  supports  the  hypothesis  that  the  area  was  once 
warmer  and  more  humid  than  it  is  today.  It  now 
seems  likely  that  this  bat  was  once  distributed  all 
across  the  Mexican  Plateau  to  a  line  somewhat 
north  of  the  present  United  States-Mexico  border. 
The  present  distribution  of  this  species  in  the 
United  States  is  limited  to  the  warmer  parts  of 
California  and  Arizona. 

Off-road  Vehicles  Affect  Wildlife.  Extensive 
use  of  the  California  desert  by  off-road  vehicles 
(ORV)  is  detrimentally  affecting  wildlife  and  their 
habitat.  Research  results  from  creosote  shrub  flat- 
lands  in  the  Mojave  Desert  clearly  demonstrated 
that  ORV's  severely  damaged  the  vegetation. 
ORV  activities  also  significantly  decreased  the 
abundance  of  terrestrial  vertebrates  and  birds. 
The  abundance  and  species  diversity  of  the  desert 
wildlife  was  inversely  related  to  the  level  of  ORV 
usage— there  were  few  animals  in  areas  of  intense 
ORV  activities.  Wildlife  in  ORV  staging  areas  was 
diminished  by  as  much  as  80%  on  the  basis  of 
wildlife  abundance  in  undisturbed  desert,  and 
areas  used  heavily  by  ORV's  had  losses  of  65%. 
Because  creosote  shrubs  are  slow-growing  peren- 
nials (some  shrubs  may  be  hundreds  of  years  old), 
the  impact  of  ORV's  is  long-lasting.  Certain  wild- 
life species  have  low  recruitment  levels  and  late 
maturation;  for  example,  the  desert  tortoise  has 
highly  vulnerable  young  and  does  not  reach  sexual 
maturity  until  about  10-15  years  of  age.  Thus,  re- 
covery of  the  desert  biota  from  ORV  disruptions 
may  require  decades.  This  estimate  of  recovery 
time  is  only  conjectural,  however,  because  ORV 
activities  are  intensifying  in  scope  and  habitat 
degradation  is  continuing  at  an  accelerating  rate. 

Recently,  we  examined  the  Imperial  Sand  Dunes 
of  southeastern  California  and  found  significant 
decreases  in  vegetation  and  wildlife  in  areas  used 
by  ORV's.  The  abundance  of  plants  in  undis- 
turbed dunes  was  about  25  times  greater  than  that 
in  ORV  areas.  We  found  an  average  of  37  small 
vertebrates  (15  lizards,  22  mammals)  per  hectare 
in  undisturbed  sites  but  only  about  13  (2  lizards, 
1 1  mammals)  per  hectare  in  the  ORV  areas. 
Several  plants  and  animals  that  are  restricted  to 
dune  habitat  were  especially  sensitive  to  ORV  ac- 
tivities. The  integrity  and  survival  of  these  unique 
dune  communities  are  jeopardized  by  intensive 
ORV  activity. 

The  present  data  indicate  that  continued  ORV 
activity  will  be  increasingly  detrimental  to  the 
wildlife  resources  of  arid  lands.  The  need  to  deter- 
mine ways  to  minimize  the  impact  of  ORV's  on 
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desert  ecosystems  is  urgent. 

Grazing  Adversely  Affects  Wildlife  of  the  Kofa 
National  Game  Range.  A  study  was  initiated  to 
assess  the  effects  of  cattle  grazing  on  habitats  and 
populations  of  wildlife  in  the  Kofa  National  Game 
Range,  Arizona.  The  grazing  areas  are  generally 
Sonoran  desert  arroyos  and  washes  in  an  area  re- 
ceiving an  average  of  about  4  inches  of  rain  an- 
nually. Amphibians,  reptiles,  and  mammals  were 
collected  by  hand  or  by  trapping,  birds  were 
visually  censused,  and  vegetation  was  measured  in 
various  ways. 

Results  of  the  study  show  that  grazing  dramati- 
cally changes  the  composition  of  the  vegetation. 
The  most  noticeable  difference  between  grazed 
and  ungrazed  plots  was  the  relative  density  of  the 
vegetative  cover  of  jojoba  and  the  sizes  of  its  seed 
crops.  This  species  is  heavily  browsed  by  livestock 
and  its  fruits  are  important  food  for  deer  and 
rodents.  On  the  grazed  plots,  the  relative  coverage 
of  jojoba  was  1.5%  and  each  plant  produced  an 
average  of  75  fruits;  in  the  ungrazed  areas,  cover- 
age was  15%  and  the  average  crop  was  766  fruits. 

The  density  and  composition  of  rodent  popula- 
tions differed  in  grazed  and  ungrazed  habitats. 
The  distribution  of  pocket  mice  is  highly  corre- 
lated with  healthy  jojoba  bushes.  These  mice  were 
present  in  the  ungrazed  areas  but  only  one  was 
taken  in  the  grazed  plots.  Other  rodent  species 
that  attain  highest  population  densities  in  the  thick 
vegetation  found  most  commonly  in  ungrazed 
arroyos  are  the  cactus  mouse,  white-throated 
woodrat,  and  Harris'  antelope  squirrel. 

At  Kofa,  unprecedented  winter  rains  had  pro- 
duced an  unusually  lush  growth  of  vegetation. 
Censuses  of  birds  conducted  in  early  April  re- 
vealed large  numbers  of  Gambel's  white-crowned 
sparrows  (winterers)  and  phainopeplas  (breeders). 
Mockingbirds  and  blue-gray  gnatcatchers  were 
also  breeding  in  unusual  densities  because  of  the 
luxuriant  vegetation.  Differences  in  species  com- 
position and  abundance  in  grazed  versus  ungrazed 
habitats  showed  that  crissal  thrasher  and  brown 
towhee  populations  were  adversely  affected  by 
cattle  browsing  jojoba  thickets. 

Forestry  Management  and  Nongame  Wildlife. 
Studies  of  nongame  vertebrate  populations  under 
differing  regimes  of  forestry  management  in  the 
St.  Marks  National  Wildlife  Refuge,  Florida,  indi- 
cate that  populations  of  many  amphibians,  rep- 
tiles, and  small  mammals  vary  among  treatment 
areas  in  a  typical  natural-succession  fashion.  Early 
successional  stages  of  sand  pine  scrub  and  longleaf 


pine  sandhill  habitats  may  be  important  for  the 
success  of  certain  species,  including  several  that 
are  largely  restricted  to  these  habitat  types.  Studies 
of  community  succession  in  these  habitats  are 
continuing. 

Surveys  of  nongame  birds,  initiated  at  the  St. 
Marks  National  Wildlife  Refuge,  included  a  cen- 
sus of  winter  birds  conducted  in  late  January  and 
early  February.  Habitats  to  be  censused  were  pur- 
posely selected  to  maximize  the  relevance  of  the 
data  to  the  evaluation  of  habitat  management 
practices.  Where  possible,  recently  burned  areas 
were  paired  with  comparable  unburned  sites,  and 
stands  of  pine  monocultures  were  compared  at 
various  natural  (except  for  prescribed  quadrennial 
burns)  successional  stages.  The  census  technique 
was  a  modified  Emlen  line  transect.  Of  nine  habi- 
tats censused,  the  mixed  70-  to  80-year-old  long- 
leaf  pine-wiregrass  association  was  found  to  have 
the  largest  number  of  bird  species  and  the  highest 
density  of  individuals.  A  recently  clear-cut  and 
burned  habitat  had  the  smallest  number  of  species 
and  the  lowest  density  of  individuals. 

Manatee  Research.  West  Indian  manatees  re- 
turn annually  to  the  headwaters  of  Crystal  River, 
which  is  about  120  km  north  of  Tampa,  Florida. 
The  river  empties  into  the  Gulf  of  Mexico,  8  km 
from  its  source  in  Kings  Bay.  The  "main"  spnng, 
at  the  southern  terminus  of  the  Bay,  is  the  focus  of 
manatee  congregations  during  the  cold  winter 
months.  The  status  of  manatees  at  Crystal  River 
has  been  monitored  since  1974.  Aerial  and  surface 
surveys,  conducted  weekly  during  1977-78,  were 
supplemented  by  several  hours  of  underwater 
observation. 

The  arrival  of  manatees  in  Crystal  River  was 
correlated  with  lowered  air  and  water  tempera- 
tures along  the  coast  of  the  Gulf  of  Mexico  in  the 
fall.  The  number  of  manatees  counted  in  Crystal 
River  increased  (maximum,  72)  as  the  season  pro- 
gressed, stabilizing  near  mid-January.  The  sex 
ratio  of  identified  animals  was  about  1:1,  and 
calves  composed  12.5%  of  the  identified  mana- 
tees. The  manatees  left  Crystal  River  in  late  March 
1978  and  were  seen  only  occasionally  in  the  area 
during  the  summer. 

Individual  manatees  have  been  observed  using 
Crystal  River  for  several  consecutive  winters. 
Twenty-one  of  the  manatees  observed  during  the 
winter  of  1977-78  were  identified  from  the  pre- 
vious year,  and  6  of  these  21  were  known  from  the 
1973-74  winter. 

In  late  June  1978,  a  9-day  survey  was  conducted 
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in  Puerto  Rico  that  included  aerial  censuses  and 
interviews  with  fishermen.  During  a  2-day  flight 
along  the  coastline,  from  San  Juan  on  the  north 
coast  clockwise  to  Rio  Guajataca  on  the  northwest 
coast,  38  manatees  were  sighted.  The  average  size 
of  groups  was  2.2  animals,  with  a  range  of  1  to  6. 
Three  main  areas  of  manatee  concentration  were 
identified:  the  northeast  coast,  the  east  coast 
around  Roosevelt  Roads  Naval  Station,  and  the 
south  coast  around  Bahia  de  Jobos.  The  count 
from  this  aerial  census  was  nearly  twice  as  great  as 
any  previous  count  and  indicates  that  there  may  be 
40  to  65  manatees  in  Puerto  Rican  waters. 

Visits  to  fishing  villages  along  the  coast  con- 
firmed the  aerial  census  data  on  the  distribution  of 
manatees  around  Puerto  Rico.  Interviews  also  in- 
dicated that  manatees  are  sometimes  entangled 
and  drowned  in  fishermen's  nets.  However,  the 
absence  of  scars  on  manatees,  noted  during  the 
aerial  survey,  suggests  that  boat  collisions  are  not 
as  serious  a  problem  for  manatees  in  Puerto  Rico 
as  they  are  in  Florida. 

Pacific  Walrus  Research.  Recent  studies  have 
shown  that  walrus  population  estimates  based  on 
aerial  survey  data  are  unacceptably  inexact.  The 
data  indicate  that  variation  over  time  in  the  pro- 
portion of  the  population  hauled  out  is  an  impor- 
tant source  of  bias  and  imprecision  in  abundance 
estimates. 

In  1976,  the  Laboratory  and  the  Alaska  Depart- 
ment of  Fish  and  Game  began  a  cooperative  study 
of  walruses  at  Round  Island  in  Bristol  Bay.  Large 
numbers  of  male  walruses  occupy  Round  Island 
from  spring  to  late  fall,  apparently  in  response  to 
the  absence  of  pack  ice  in  northern  Bristol  Bay.  It 
is  the  only  location  in  North  America  where  large 
numbers  of  walruses  predictably  haul  out  on  land. 
Research  objectives  of  the  program  were  (1)  to  de- 
velop a  reliable  technique  for  marking  or  tagging 
walruses  and  (2)  to  determine  the  ecological  and 
behavioral  mechanisms  of  formation,  mainte- 
nance, and  dispersal  of  groups  of  walruses  on 
land. 

A  number  of  paints,  dyes,  and  tags  have  been 
tested.  Several  of  these  are  recognizable  for  short 
periods  after  application;  however,  the  maximum 
duration  between  application  and  the  last  sighting 
of  a  tagged  or  marked  animal  was  about  6  weeks. 
Furthermore,  because  walruses  congregate  in  large 
groups,  tagged  or  marked  individuals  often  could 
not  be  identified.  In  1978  a  radiotelemetry  system 
was  developed  in  which  a  small  transmitter  was 
affixed  to  the  animal's  tusk.  All  of  the  instru- 


mented animals  were  sighted  again  at  various  in- 
tervals for  about  3  months,  after  which  the 
batteries  ran  down. 

The  number  of  walruses  hauled  out  on  the 
beaches  at  Round  Island  cycles  over  a  10-day 
period  from  several  hundred  to  as  many  as  15,000. 
These  cycles  appear  to  be  intrinsically  controlled. 
They  are  not  correlated  with  any  obvious  environ- 
mental character,  and  although  disturbances  such 
as  human  activity  or  heavy  seas  may  temporarily 
drive  the  animals  into  the  water,  they  do  not  affect 
the  overall  pattern  of  the  cycle. 

After  the  low  period  in  a  cycle,  walruses  return 
to  one  of  several  "preferred"  beaches.  As  the 
numbers  increase,  individuals  disperse  to 
peripheral  beaches  only  after  available  space  on  a 
preferred  beach  has  been  entirely  occupied.  Com- 
petition, by  means  of  agonistic  interactions,  ap- 
pears to  be  the  principal  factor  in  determining  the 
size  of  walrus  concentrations  on  the  various 
beaches  during  increase  phases  of  the  cycle. 
Groups  on  the  preferred  beaches  consist  mainly  of 
large  animals  with  large  tusks;  peripheral  beaches 
have  a  higher  proportion  of  small  animals.  The 
peak  of  the  cycle  usually  lasts  about  a  day;  dis- 
persal to  the  sea  then  occurs  haphazardly  by  spon- 
taneous stampeding  of  all  or  most  of  the  animals 
on  a  particular  beach.  Preliminary  results  of  the 
telemetry  study  indicate  that  individual  walruses 
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Florida  black  bear  in  the  Osceola  National  Forest. 
Radiotelemetry  studies  conducted  by  the  Laboratory's 
Gainesville  Field  Station  help  to  delineate  the  habitat 
use  patterns  of  black  bears  in  northern  Florida.  Photo  by 
C.  R.  Smith. 
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remain  at  Round  Island  only  briefly  (several  days 
at  most)  during  any  cycle  and  that  there  is  a  con- 
tinuous and  high  turnover  of  individuals. 

Annotated  Bibliography  of  the  Ecology  of  Gal- 
veston Bay,  Texas.  The  Laboratory  has  recently 
completed  a  bibliography  of  over  1,600  references 
dealing  with  the  fish  and  wildlife  resources  and 
environmental  features  of  the  area  surrounding 
Galveston  Bay.  Soon  to  be  released  by  the  Office 
of  Biological  Services,  the  bibliography  includes  a 
taxonomic  index,  author  index,  and  subject  index, 
as  well  as  abstracts  for  about  90%  of  the  citations. 

Phosphate  Strip  Mining  in  the  Osceola  National 
Forest.  A  study  on  the  anticipated  effects  of  phos- 
phate mining  on  endangered  species  in  northern 
Florida's  Osceola  National  Forest  was  completed 
and  released  in  1978.  Although  strip  mining  re- 
sults in  extensive  environmental  degradation,  the 


long-term  effects  may  be  less  disastrous  than  first 
impressions  suggest.  The  report  concluded  that 
most  wildlife  will  be  destroyed  during  actual  min- 
ing operations  but  that  reclamation  and  eventual 
revegetation,  coupled  with  the  creation  of  wet- 
lands (a  typical  result  of  phosphate  mining  in 
Florida),  may  lead  to  improved  wildlife  habitat 
for  those  species  capable  of  colonizing  new  habi- 
tats. Among  federally  listed  endangered  and 
threatened  species  indigenous  to  northern  Florida, 
the  bald  eagle  and  the  American  alligator  will  in 
the  long  term  be  benefited  (or  at  least  be  unaf- 
fected) by  strip  mining  and  the  associated  reclama- 
tion. On  the  other  hand,  10  to  20  red-cockaded 
woodpeckers  (whose  habitat  requirements  include 
mature  pine  trees)  will  be  eliminated.  Impacts  on 
the  only  other  federally  listed  species  (gray  bat  and 
eastern  indigo  snake)  are  undetermined. 


Cooperative  Research  Unit  Program 


COOPERATIVE  RESEARCH  UNIT 
PROGRAM 

The  Cooperative  Research  Unit  Program  is  sup- 
ported by  the  U.S.  Fish  and  Wildlife  Service  and 
by  the  game  and  fish  agency  and  land  grant  uni- 
versity in  the  State  where  each  Unit  is  located.  The 
Wildlife  Management  Institute  is  an  additional  co- 
operator  for  Wildlife  Units.  The  Program  began 
with  the  activation  of  the  Iowa  Cooperative  Wild- 
life Research  Unit  in  September  1935.  The  first 
Fishery  Unit  was  activated  in  1962  at  Utah  State 
University.  In  1973  the  two  Unit  programs  were 
merged  into  one,  administered  by  the  Division  of 
Cooperative  Research.  Twenty-five  Fishery  Units 
and  20  Wildlife  Units  are  currently  in  operation. 
During  fiscal  year  1978,  negotiations  were 
initiated  and  funding  was  allocated  to  establish 
two  new  combined  wildlife-fishery  Units  in  Missis- 
sippi and  Florida. 

The  objectives  of  the  Cooperative  Research 
Units  are  fish  and  wildlife  research,  training  at  the 
graduate  level,  and  extension  service.  Unit  direc- 
tion is  provided  by  a  Coordinating  Committee 


composed  of  representatives  from  each  cooperat- 
ing agency.  The  Committee  provides  counsel  and 
plans  the  long-term  program  to  serve  the  mutual 
needs  of  the  cooperators.  Day-to-day  operation  is 
the  responsibility  of  the  Unit  Leaders  and  the  As- 
sistant Unit  Leaders,  who  are  employees  of  the 
U.S.  Fish  and  Wildlife  Service.  The  Units  are 
headquartered  on  the  campuses  of  the  cooperating 
universities,  which  provide  expertise  in  related 
scientific  fields;  office,  laboratory,  and  storage 
space;  secretarial  services;  and  utilities.  All  co- 
operators  contribute  funds  and  equipment  to  the 
Units,  and  additional  research  funds  are  obtained 
from  various  sources  as  grants  and  contracts.  The 
Leaders  and  Assistant  Leaders  are  granted  full 
faculty  status  by  the  cooperating  universities  and 
thus  they  are  qualified  to  advise  and  direct  gradu- 
ate students  and  to  teach  formal  courses.  In  the 
field  of  extension  service,  Unit  personnel  organize 
and  participate  in  workshops  and  training  meet- 
ings and  provide  technical  fish  and  wildlife  exper- 
tise as  needed.  Each  year,  Unit  personnel  publish 
many  technical  and  general  papers  on  fish,  wild- 
life, and  related  subjects. 
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During  fiscal  year  1978,  personnel  of  the  Fish 
and  Wildlife  Units  conducted  446  research  proj- 
ects; 176  graduate  professionals  completed  train- 
ing through  the  Unit  Program  and  90%  are  em- 
ployed in  Federal,  State,  or  private  conservation 
agencies,  or  are  continuing  their  education.  In 
addition,  19  short-courses  and  workshops  were 
conducted  in  fiscal  year  1978  for  the  continued  re- 
training of  State  and  Federal  biologists.  One  hun- 
dred forty-one  seminars  were  provided  for  conser- 
vation education  of  the  general  public. 


Fishery 

Wildlife 

M.S. 

Ph.D. 

M.S.   Ph.D 

Students  on  program 

246 

46 

240       59 

Degrees  granted 

75 

13 

76        12 

Employment1 

Fish  and  wildlife  biology 

59 

12 

56        10 

Other  biology 

0 

0 

4          0 

Education  continued 

11 

4 

6          2 

Peace  Corps 

0 

0 

1          0 

Miscellaneous  and 

unemployed 

5 

0 

9          2 

'Includes  students  who  accepted  employment  before  complet- 
ing all  degree  requirements. 


COOPERATIVE  FISHERY  RESEARCH  UNITS 

Alabama.  The  capacity  to  control  the  reproduc- 
tion of  fishes  is  limited.  Manipulation  of  environ- 
mental factors  such  as  light  and  temperature  are 
used  to  effect  off-season  gonadal  development, 
and  spawning  may  be  induced  by  injection  of 
various  gonadotropic  substances.  But  because  the 
need  has  increased  for  a  more  continuous  supply 
of  young  fish  for  bioassay  or  for  commercial  pur- 
poses, alternate  means  of  reproductive  control  are 
desirable. 

The  human  fertility  drug  clomiphene  citrate  was 
considered  as  a  promising  means  of  control  be- 
cause it  is  orally  active  and  can  thus  be  adminis- 
tered with  food.  Long-term  exposure  might  con- 
trol seasonal  gonadal  development,  and  spawning 
might  be  controlled  by  adjustments  in  the  terminal 
delivery  rate,  all  without  handling  and  stressing 
the  fish.  The  channel  catfish  was  selected  as  a  test 
species,  and  experiments  were  designed  to  measure 
the  effect  on  gonads  of  several  dosage  levels  in 
various  seasons. 

Clomiphene  citrate  did  not  advance  gonadal  de- 
velopment in  adult  catfish  during  any  season;  it 
did   not  accelerate  gonadal  development   imme- 


diately before  the  normal  spawning  period,  either 
when  orally  administered  or  when  injected. 
Neither  ovulation  nor  spawning  was  increased  in 
aquaria  over  that  in  control  fish. 

Although  encouraging  responses  to  clomiphene 
citrate  as  a  terminal  ovulatory  agent  have  been  re- 
ported for  other  fish  species,  we  found  no  positive 
results  with  channel  catfish  at  the  levels  of  ad- 
ministration used  in  our  experiments. 

Arizona.  The  feeding  of  brown  trout  and  Ari- 
zona trout  (Salmo  apache)  was  studied  at  various 
light  levels.  Brown  trout  fed  on  brine  shrimp  in  the 
equivalent  of  starlight,  but  Arizona  trout  required 
light  equal  to  or  exceeding  that  of  moonlight. 
Brown  trout  (presumably  using  chemosenses)  fed 
more  effectively  than  Arizona  trout  in  total  dark- 
ness. The  greater  visual  and  possibly  chemo- 
sensory  capabilities  of  brown  trout  would  enable 
them  to  feed  later  in  the  evening  and  earlier  in  the 
morning  than  Arizona  trout. 

In  high  light,  brown  trout  appeared  more  in- 
hibited from  feeding,  and  used  cover  to  a  much 
greater  degree,  than  did  Arizona  trout,  suggesting 
that  Arizona  trout  are  the  more  active  daytime 
feeders.  Stomach  analyses  and  catch  rates  by  fly- 
fishing supported  this  suggestion.  Although  these 
differences  suggest  the  partitioning  of  food  and 
habitat  between  brown  trout  and  Arizona  trout, 
the  partitioning  is  insufficient  for  the  coexistence 
of  these  two  species  in  many  areas. 

California.  Research  emphasized  the  ecology  of 
northern  coastal  streams  and  reservoirs,  and 
estuarine  and  coastal  marine  biology.  Northern 
California  streams  are  located  largely  in  redwood 
forests  which  are  in  various  stages  of  timber  har- 
vest and  management;  most  of  the  streams  are  im- 
portant salmonid  producers.  Humboldt  Bay,  the 
most  important  aquatic  habitat  in  the  immediate 
area,  is  relatively  undeveloped  and  is  an  important 
spawning  and  rearing  area  for  many  species  of 
marine  fishes. 

The  relative  abundance  and  spatial  distribution 
of  zooplankton  in  Clair  Engle  Reservoir  and  its 
association  with  environmental  variables  were 
studied  for  1  year  at  seven  monitoring  stations. 
Zooplankton  abundance  and  distribution  varied 
significantly  by  season  and  reservoir  area.  Clado- 
cerans  accounted  for  93%  of  the  year's  catch,  and 
copepods  for  6%.  Zooplankton  densities  were 
generally  higher  at  shallow  littoral  stations  than  at 
deep  open-water  stations.  Water  temperature,  sta- 
tion depth,  reservoir  discharge,  and  conductivity 
were  considered  the  most  important  variables  re- 
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Youth  Conservation  Corps  enrollees  excavating  fish 
trap  construction  site  for  California  Cooperative  Fishery 
Research  Unit.  Photo  by  Roger  A.  Barnhart. 


lated  to  zooplankton  abundance. 

The  biology  of  the  redtail  surfperch,  the  most 
important  of  the  surfperches  harvested  commer- 
cially along  the  northern  California  coast,  was 
studied  to  provide  life  history  information  to  the 
State  fishery  management  agency  and  sport  and 
commercial  fishermen.  Age-growth  relationships, 
reproductive  biology,  and  food  of  the  species  in 
Humboldt  Bay,  river  estuaries,  and  the  surf  zone 
were  determined.  Female  redtail  surfperch  did  not 
mature  until  age  IV  and  averaged  14  embryos  per 
ovary.  Females  were  much  more  numerous  than 
males  in  Humboldt  Bay  and  river  estuaries,  where- 
as the  sex  ratio  of  fish  in  the  surf  zone  was  1:1,  in- 
dicating a  separate  distribution  by  sex  among 
maturing  fish.  From  gonad  examination  and  red- 
tail  surfperch  distribution,  it  appears  that  mating 
takes  place  near  the  surf  zone  during  November 
and  December  and  that  gravid  females  enter 
estuaries  and  Humboldt  Bay  to  give  birth  in  the 
spring  and  early  summer.  The  diet  of  surfperch 
consisted  of  decapods,  amphipods,  mollusks, 
polychaetes,  isopods,  cirripedia,  and  bryozoans 
(in  decreasing  order  of  importance). 

Colorado.  The  base  of  the  fish  food  chain, 
photosynthesis  by  aquatic  plants,  in  Pyramid 
Lake,  Nevada,  has  been  measured  for  2  years  to 
enable  us  to  estimate  the  potential  yield  of  fish 
under  various  proposed  management  strategies. 
Because  of  low  angling  pressure  in  this  172- 
square-mile  water,  the  actual  harvest  is  probably 
only  a  small  part  of  the  potential  harvest.  Pyramid 
Lake  is  of  particular  interest  to  the  Fish  and  Wild- 
life Service  because  of  the  presence  of  the  rela- 


tively rare  Lahontan  cutthroat  trout  and  the  en- 
dangered cui-ui  (a  sucker).  The  cui-ui  has  special 
cultural  significance  to  the  Pyramid  Lake  Paiute 
Indian  Tribe,  which  owns  the  entire  lake  and  its 
immediate  watershed.  The  Lahontan  cutthroat 
trout  is  the  basis  for  a  sport  fishery  of  financial 
importance  to  the  tribe. 

Previously  reported  work  by  the  Unit  has 
demonstrated  a  promising  relation  between 
aquatic  photosynthesis  and  harvests  of  fish  in 
ponds  and  small  lakes.  However,  this  work  also 
suggested  that  differences  in  food  preferences  of 
different  kinds  of  fish  was  one  of  the  chief  ele- 
ments in  reducing  the  harvest  prediction  value  of 
aquatic  photosynthesis  measurements.  Fish  that 
accepted  a  wide  range  of  vegetable  and  animal 
food  appeared  to  produce  much  greater  harvests 
for  a  given  rate  of  photosynthesis  than  did  fish 
that  ate  only  animal  foods.  Although  this  differ- 
ence in  production  has  long  been  accepted,  no  ex- 
perimental evidence  existed  to  confirm  the  rela- 
tion. Recently  completed  controlled  experiments 
by  the  Unit  have  demonstrated  that  carp  finger- 
lings  produced  crops  3  to  4  times  greater  than 
those  produced  by  smallmouth  bass  fingerlings 
and  young  adult  pumpkinseeds,  at  equal  rates  of 
aquatic  photosynthesis.  Thus  the  use  of  aquatic 
photosynthesis  as  an  estimator  of  potential  fish 
production  must  be  qualified,  according  to  the 
kinds  of  fish  desired. 

Georgia.  The  shortnose  sturgeon  is  listed  as  en- 
dangered throughout  its  range,  which  extends 
from  New  Brunswick,  Canada,  to  Florida.  Efforts 
to  promote  recovery  of  the  species  are  hampered 
by  lack  of  knowledge  about  its  abundance,  dis- 
tribution, and  biology.  Recent  collections  along 
the  eastern  seaboard  of  the  United  States  suggest 
that  this  species  is  more  abundant  than  previously 
believed.  Sturgeons  from  southern  populations 
appear  to  grow  faster  and  mature  at  a  younger  age 
than  do  those  from  more  northern  populations. 
Preliminary  catch  and  radio-tracking  data  indicate 
that  in  the  Altamaha  River,  Georgia,  shortnose 
sturgeons  tend  to  remain  near  the  mouth  of  the 
river  from  late  spring  until  early  winter;  they  then 
move  upstream  to  spawn. 

An  extensive  die-off  of  trout  at  a  hatchery  re- 
cently constructed  on  the  Chattahoochee  River 
prompted  the  initiation  of  a  study  of  the  move- 
ments of  fishes  in  relation  to  seasonal  changes  in 
selected  water  quality  characteristics  in  the  tailrace 
of  Buford  Dam.  From  August  through  December 
1977,    over   5,000   rainbow   trout,    brook    trout, 
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brown  trout,  and  yellow  perch  were  tagged  with 
color-coded  numbered  tags.  Fish  were  sampled 
every  2  weeks  at  each  of  four  sampling  stations. 
Of  the  fish  recaptured,  92%  were  taken  at  the  sta- 
tion at  which  they  were  tagged.  Trout  were  most 
abundant  just  below  the  dam  when  dissolved  oxy- 
gen concentrations  were  lowest  (less  than  2.0 
ppm).  There  were  no  obvious  correlations  of 
abundance  or  movements  with  metal  concentra- 
tions, pH,  conductivity,  or  water  temperature. 
The  examination  of  gills  by  scanning  electron 
microscopy  shows  promise  as  a  method  for  early 
detection  of  stress  in  fishes. 


Radio  transmitters  are  used  to  study  movements  of  the 
shortnose  sturgeon,  an  endangered  species,  in  the  Alta- 
maha  River,  Georgia.  Photo  by  R.  J.  Gilbert. 


Hawaii.  Streams  in  Hawaii  have  been  subjected 
to  water  diversion,  introductions  of  exotic  fishes, 
and  several  forms  of  channelization,  including  re- 
alignment, clearing  of  riparian  vegetation,  and 
construction  of  artificial  bank  and  bed  structures. 
The  Unit  performed  a  3-year  study,  completed  in 
1978,  to  inventory  and  characterize  channelization 
statewide  and  determine  its  effects  on  the  environ- 
ment and  natural  communities. 

Channel  modification  was  correlated  with  in- 
creases in  physicochemical  variability  and  reduc- 
tions in  numbers  of  several  endemic  gobiid  fishes. 
Communities  in  channelized  areas  were  domi- 
nated by  introduced  species  of  poeciliids  and  Saro- 
therodon  \~  Tilapia].  The  diadromous  migratory 
behavior  of  the  native  fauna  prevents  the  isolation 
of  any  species  from  the  effects  of  channelization 
on  water  quality.  Native  species  were  reduced  or 


absent  in  heavily  channelized  streams. 

Daytime  values  of  conductivity,  pH,  and  dis- 
solved oxygen  were  considerably  higher  in  altered 
streams  than  in  unaltered  streams.  We  monitored 
temperature  weekly  at  20  stations  for  1  year  to 
assess  the  relative  effects  of  different  channel 
types  on  thermal  fluctuations.  Diurnal  peak  water 
temperatures  were  higher  at  stations  downstream 
from  channel  modifications  than  at  stations  up- 
stream and  in  unaltered  stream  stations.  Tempera- 
ture extremes  of  36.2°  and  17.8°  C  were  recorded 
at  the  downstream  end  of  a  concrete-lined  chan- 
nel. Diel  changes  in  temperature  of  12°  C  were  not 
uncommon  at  this  site.  High  illumination  due  to 
clearing  of  the  vegetative  canopy,  and  shallowness 
of  the  water  in  lined  channels,  appeared  to  be  re- 
sponsible for  the  excessive  heating. 

Tolerances  of  native  species  and  key  exotics  to 
elevated  temperatures  were  determined  by  using  a 
gradual  heating  method  designed  to  simulate  in 
situ  diurnal  heating.  Growth  of  post-larval  migrat- 
ing forms  of  several  gobiids  was  measured  after  1- 
month  exposures  to  different  fluctuating  thermal 
regimes.  Upper  lethal  temperatures  correlated 
with  altitudinal  distributions  of  adult  fishes  and 
crustaceans.  Lethal  limits  of  the  species  absent  or 
rare  in  altered  streams  fell  within  the  range  of  tem- 
peratures recorded  in  such  degraded  habitats. 
Dominant  introduced  fishes  showed  greater  re- 
sistance to  high  temperatures  than  did  native  ani- 
mals. Maximum  growth  rates  occurred  in  streams 
with  fluctuating  temperatures  whose  diel  maxima 
were  7  to  8  Celsius  degrees  below  upper  lethal 
limits.  The  study  led  to  recommendations  for  miti- 
gation of  the  effects  of  channelization. 

Idaho.  Salmonid  ecology  and  management  con- 
tinues to  be  a  major  area  of  research  of  the  Idaho 
Unit.  To  assess  the  impact  of  fish  predators  on 
early  mortality  of  salmonid  fishes,  we  recently 
evaluated  data  collected  in  1975-76  on  survival, 
density,  and  behavior  of  cutthroat  and  steelhead 
trout  fry  and  chinook  salmon  fingerlings  in  two 
streams  and  in  laboratory  channels,  with  and 
without  predators. 

In  1975,  cutthroat  trout  fry  that  we  released  into 
a  fertile  stream  were  preyed  upon  primarily  by 
rainbow  trout,  brook  trout,  and  sculpins;  how- 
ever, fry  made  up  less  than  4%  of  the  stomach 
contents  by  volume  of  all  fish  sampled.  By  the  end 
of  the  summer,  only  7.3%  of  the  fry  survived. 

In  1976,  predacious  fish  were  removed  from 
about  30%  of  the  test  stream  before  steelhead  fry 
were  released.  Most  fry  remained  in  the  section 
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Crew  electrofishing  on  Big  Springs  Creek,  Idaho,  removing  fish  predators  in  a  study  to  assess  their  impact  on  early 
mortality  of  salmonids.  Photo  by  Theodore  C.  Bjornn. 


without  predators  throughout  the  summer.  Fry 
occupied  more  diverse  habitat  and  had  different 
feeding  habits  in  the  absence  of  predators.  Fry 
made  up  28%  of  the  stomach  contents  of  preda- 
tors that  reinvaded  the  section  from  which  preda- 
tors had  been  removed.  Steelhead  fry  survival  was 
25%,  compared  with  an  average  of  11%  in  pre- 
vious years. 

Density  of  cutthroat  trout  fry  released  into 
pools  of  an  infertile  stream  in  1975  decreased  to 
1%  of  the  stocking  density  within  2  weeks.  Preda- 
tion  by  Dolly  Varden  may  have  been  a  major  fac- 
tor in  decreasing  fry  densities.  In  1976,  chinook 
salmon  fingerlings  and  steelhead  and  cutthroat 
trout  fry  were  released  into  sections  of  this  test 
stream  with  and  without  predators.  Densities  re- 
mained higher  in  sections  without  predators  and 
all  prey  species  occupied  more  diverse  habitat. 

In  laboratory  stream  channels,  predators  re- 
duced the  density  of  chinook  salmon  fry  more 
than  that  of  cutthroat  trout  fry.  Dolly  Varden  and 
brook  trout  were  more  active  predators  than  cut- 
throat and  rainbow  trout.  Fry  used  less  habitat 
and  feeding  was  more  inhibited  in  the  presence  of 
predators.  In  other  tests,  predators  reduced  the 
densities  of  cutthroat  trout  fry  more  than  those  of 
steelhead  fry;  the  Dolly  Varden  was  the  most  ac- 
tive predator. 

Iowa.  In  the  intensive  agricultural  areas  of  the 
United  States,  pesticide  contamination  of  non- 
target  organisms  continues  to  be  a  problem.  Most 
concern  in  Iowa  during  the  past  3  or  4  years  has 
centered  on  dieldrin  residues  in  fish  from  four 


reservoirs  constructed  by  the  U.S.  Army  Corps  of 
Engineers.  Current  research  on  one  of  these — 
Saylorville  Reservoir,  which  was  impounded  in 
1977  on  the  Des  Moines  River,  downstream  from 
a  long-term  pesticide  monitoring  site — ;s  directed 
toward  better  understanding  the  movement  of 
pesticides  through  the  reservoir.  Pesticides  in 
water,  suspended  sediments,  bottom  muds,  and 
fish  are  monitored  regularly  above,  in,  and  below 
the  reservoir  to  determine  how  water-level  fluctua- 
tions and  impoundment  affect  concentrations  of 
pesticides  in  fish  flesh. 

Concentrations  of  dieldrin,  the  only  chlorinated 
hydrocarbon  insecticide  detected  in  river  water, 
never  exceeded  18  parts  per  trillion  in  1977  or 
1978.  Herbicides  were  present  in  higher  concentra- 
tions. Atrazine  reached  1.36  parts  per  billion  in 
water  samples  collected  in  spring  1978.  One 
sample  of  large  crappies  collected  below  Saylor- 
ville Dam  in  April  1978  contained  dieldrin  in  ex- 
cess of  the  U.S.  Food  and  Drug  Administration 
allowable  level  (300  parts  per  billion)  in  fish  used 
for  human  consumption.  All  other  fish  samples 
contained  relatively  low  concentrations  of  chlori- 
nated hydrocarbon  insecticides.  Channel  catfish 
consistently  contained  greater  concentrations  of 
dieldrin  than  did  carp,  and  carp  contained  greater 
concentrations  than  did  white  crappies.  In  most 
fish  species  dieldrin  concentration  was  a  function 
of  how  far  downstream  the  fish  were  collected, 
rather  than  their  presence  in  or  outside  the  reser- 
voir. The  farther  downstream  the  collection  site 
(and  thus  the  larger  the  watershed  above  it),  the 
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Notches  have  been  cut  in  rock  dikes  along  the  Missouri 
River  to  increase  diversity  of  fish  habitat  and  connect 
backwater  areas  to  the  main  river  channel.  Researchers 
at  Iowa  Cooperative  Fishery  Research  Unit  are  conduct- 
ing a  study  to  determine  benefits  to  the  fishery  from 
notch  construction.  Photo  by  Ross  V.  Bulkley. 


Separating  larval  fishes  to  compare  their  abundance 
and  diets  in  backwater  lakes  connected  by  notched 
dikes  with  fishes  from  lakes  isolated  from  the  Missouri 
River.  Photo  by  Ross  V.  Bulkley. 


greater  the  dieldrin  concentration  in  fish. 

Louisiana.  An  intensive  limnological  survey  of 
Baton  Rouge  City-Parish  lakes  was  begun  to  gain 
insight  into  the  underlying  causes  of  recurring  fish 
kills.  We  found  that  nearly  the  entire  water 
column  was  in  the  photic  zone  and  that  circulation 
occurred  almost  nightly;  thus  the  sediments  sup- 
plied a  virtually  constant  nutrient  source  to  sup- 
port the  enormous  primary  production.  However, 
nitrate  nitrogen  was  often  limiting  during  ex- 
tended periods  of  dry  weather,  when  blue-green 
algae  predominated  in  the  phytoplankton.  The 
survey  was  funded  by  the  City-Parish  government 
and  the  information  became  part  of  a  successful 
application  to  the  U.S.  Environmental  Protection 
Agency  for  matching  funds  to  restore  the  lakes. 
The  work  is  scheduled  to  begin  in  1979. 

The  young  of  most  important  sport  and  com- 
mercial fishes  of  the  Gulf  of  Mexico  use  the 
coastal  marshes  as  nurseries.  A  survey  is  under 
way  to  determine  how  far  inland  these  young  fish 
move  in  the  Barataria  Basin  drainage.  Samples  are 
being  taken  along  a  40-mile  north-south  transect 
with  trawls,  a  high-speed  sampler,  and  a  plankton 
net.  The  young  of  "saltwater"  species  have  been 
captured  in  completely  fresh  water  more  than  50 
miles  from  the  Gulf.  Thus,  human  degradation  of 
the  environment,  even  this  far  inland,  may  directly 
affect  saltwater  fish  populations. 

Maine.  Hydrographic  monitoring  of  water 
quality  in  the  Penobscot  River  (a  model  river  for 
Atlantic  salmon  restoration)  that  began  in  1963 
has  been  completed.  During  this  time  water 
quality  has  gradually  improved,  and  the  low  dis- 
solved oxygen  concentrations  that  once  blocked 
salmon  migration  no  longer  exist.  This  research 


showed  that  the  pollution  abatement  program  re- 
sulted in  a  dramatic  improvement  of  the  habitat. 
In  a  related  study,  zooplankton  populations  in  the 
Penobscot  River  estuary  displayed  zonation  from 
fresh  to  salt  water,  and  abundance  was  not  related 
to  the  concentrations  of  wood  fibers  originating 
from  pulp  mills.  Other  contaminants  of  aquatic 
environments  were  also  found  to  be  benign. 
Operational  spraying  of  forests  with  acephate  had 
little  effect  on  the  ecology  of  small  streams, 
whereas  carbaryl  killed  some  aquatic  insects 
(stoneflies)  and  temporarily  affected  the  physiol- 
ogy of  fish.  One  result  of  spraying  was  that  brook 
trout  were  gorged  with  terrestrial  arthropods. 
Further  study  showed  that  spiders  were  killed  by 
both  acephate  and  carbaryl,  suggesting  that  the 
spraying  of  a  forest  to  kill  insect  pests  may  also 
kill  predators  that  would  normally  help  keep  the 
insects  in  check. 

Hatchery  procedures  for  raising  Atlantic  sal- 
mon at  Craig  Brook  National  Fish  Hatchery 
(Maine)  were  compared  (on  the  basis  of  later  re- 
turns of  adults  to  the  Penobscot  River)  to  attempt 
to  identify  reasons  for  variability  in  the  survival 
rate.  Water  flow  and  amount  of  living  space  dur- 
ing the  last  few  months  of  life  in  the  hatchery  and 
the  relative  water  level  in  the  receiving  rivers  were 
decisive  factors  in  determining  the  percent  return 
of  salmon  as  adults. 

Reproductive  sterilization  of  fish  has  potential 
for  increasing  production  because  energy  ordi- 
narily used  for  gonadal  development  could  be 
used  for  growth  instead.  Further,  sterile  animals 
would  be  useful  in  preventing  dilution  of  the  gene 
pools  of  wild  populations  caused  by  stocking  of 
hatchery  fish.  Analysis  of  sterile  brook  trout  re- 
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vealed  polyploid  cells  in  the  body.  An  identical 
condition  was  induced  in  Atlantic  salmon  by  treat- 
ing the  eggs  with  a  minute  amount  of  an  anti- 
biotic. These  "sex-engineered"  fish  are  now  being 
produced  at  a  hatchery  for  field  testing. 

Massachusetts.  Factors  affecting  the  abundance 
of  soft-shell  clams,  an  important  commercial 
fishery  resource  along  New  England's  coast,  are 
poorly  understood.  Although  the  importance  of 
predation  on  young  clams  by  invertebrates  has 
been  established,  predation  of  fish  on  clams  has 
not  been  extensively  studied.  Research  conducted 
along  the  Massachusetts  coast  has  disclosed  that 
the  common  mummichog  eats  large  quantities  of 
young  clams.  Predation  is  heaviest  in  spring  and 
fall,  corresponding  to  the  March-April  and  June- 
July  spawning  periods  of  the  clams.  Among  fish 
longer  than  55  mm,  38%  of  the  males  and  53%  of 
the  females  contained  clams — an  average  of  about 
seven  per  stomach.  The  densities  of  mummichogs 
varied  from  0.4  to  6.0  fish/m2.  Application  of  the 
densities  to  predation  rates  yielded  an  estimated 
maximum  consumption  of  546,000  clams  per 
1,000  m  of  shoreline  per  day  during  the  peak 
predation  periods.  In  marsh-estuary  systems  in  the 
Gulf  of  Maine,  where  mummichogs  are  abundant, 
these  fish  are  an  important  predator  of  young 
soft-shell  clams  and  may  significantly  affect  the 
year-class  strength  of  the  clams. 

Missouri.  Our  research  projects  are  aimed  at  de- 
veloping conceptual  and  practical  approaches  for 
sustaining  or  improving  the  value  of  fishery  re- 
sources and  the  quality  of  fishing.  Recent  em- 
phasis has  been  on  efforts  to  develop  quantitative 
indices  that  will  facilitate  the  evaluation  of  fish 
populations  and  fishing. 

Proportional  Stock  Density  (PSD)  is  an  index  of 
the  percentage  of  fish  of  quality  size  (length)  in  a 
stock.  Unsatisfactory  values  of  PSD  for  a  popula- 
tion reflect  problems  in  reproduction,  growth,  or 
mortality  that  may  be  related  to  poor  habitat  or 
ineffective  management.  Advantages  of  the  index 
are  that  length  frequency  is  relatively  easy  to 
measure  and  the  index  reflects  what  anglers  "see" 
in  a  population.  The  index,  first  developed  for 
largemouth  bass  and  bluegills,  has  been  proposed 
as  a  method  for  evaluating  stocks  of  yellow  perch, 
walleyes,  smallmouth  bass,  northern  pike,  and 
muskellunge.  Models  of  length-frequency  distri- 
bution indicate  that  balanced  populations  of  these 
coolwater  fishes  may  have  PSD  values  of  30  to 
60%. 

In  a  project  to  evaluate  electrofishing  efficiency 


for  largemouth  bass  and  bluegills,  we  failed  to  de- 
velop a  satisfactory  model  for  direct  estimates  of 
population  density.  However,  we  have  proposed 
correction  factors  that  should  improve  the  assess- 
ment of  population  length-frequency  and  the  PSD 
index. 

Fish  communities  and  habitat  conditions  were 
assessed  in  side  channels  of  the  upper  Mississippi 
River.  Average  current  velocity  between  side  chan- 
nels ranged  from  0.03  to  0.15  m/s.  Temperature 
and  oxygen  stratification  were  observed  only  in 
slough-type  habitats.  Most  of  the  44  species  of  fish 
collected  by  electrofishing  and  hoop  nets  were 
taken  in  all  side  channels.  Carp  and  gizzard  shad 
were  common  in  most  samples.  Centrarchids 
made  up  a  high  proportion  of  the  catch  in  the 
sloughs  and  catfishes  in  the  riverine  habitat.  Side 
channels  appear  to  be  important  fish  habitats  in 
the  Mississippi  River. 

Montana.  Measurements  of  the  mercury  con- 
centrations in  game  fish  of  various  sizes  and 
species  from  the  Tongue  River  Reservoir  indicated 
that  mercury  content  increased  with  size  and  age. 
The  average  lengths  at  which  fish  of  different 
species  began  to  exceed  the  FDA  guideline  (0.5  ng 
Hg/g)  were  as  follows:  walleyes  and  saugers, 
500  mm;  black  crappies  and  white  crappies, 
350  mm;  male  northern  pike,  725  mm;  and  female 
northern  pike,  900  mm.  Northern  pike  reared  in 
mine  effluent  water  accumulated  mercury  at  a 
faster  rate  than  did  fish  in  the  reservoir.  Other 
metals,  including  arsenic,  lead,  selenium,  and  zinc 
were  detected  at  low  levels  in  fish  reared  in  the 
mine  effluent. 

A  study  of  the  temperature  changes  caused  by 
Ennis  Reservoir  and  their  effects  on  the  fish  and 
macroinvertebrates  in  the  Madison  River  below 
the  reservoir  indicated  that  summer  water  tem- 
peratures in  the  river  increased  and  growth  rates 
of  trout  decreased.  The  average  increase  of  about 
3.5°  C  in  summer  water  temperatures  in  the  river 
caused  important  differences  in  the  species  com- 
position, abundance,  standing  crop,  and  time  of 
emergence  of  macroinvertebrates.  Ways  to  reduce 
the  thermal  impact  of  the  reservoir  and  reinstate 
the  quality  of  the  fishery  are  being  explored. 

New  York.  Large  quantities  of  Daphnia  magna 
can  be  reared  in  flow-through  systems.  Our 
studies  have  shown  that  as  much  as  30  kg/m2  (live 
weight)  of  D.  magna  can  be  produced  annually  in 
flow-through  systems  receiving  the  algae-laden 
effluent  of  a  simulated  sewage  oxidation  pond.  A 
water  exchange  rate  of  about  three  per  hour  and 
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an  algal  concentration  of  about  3  mg/1  produced 
the  highest  growth  rates.  The  daphnid  culture  sys- 
tem can  also  function  as  a  biological  treatment 
system  for  waste-water  effluents  by  reducing  the 
concentration  of  suspended  organic  solids  (pri- 
marily algae),  total  phosphorus,  and  total 
nitrogen.  Concentrations  of  ammonia-nitrogen 
and  dissolved  phosphorus  were  increased,  how- 
ever, by  passage  through  the  daphnid  culturing 
system,  probably  through  metabolic  processes. 
The  culture  system  may  have  potential  as  a  com- 
ponent of  an  effluent  treatment  system  for  fish 
hatcheries  and  fish  farms,  since  the  daphnid  pro- 
duction from  it  could  be  recycled  back  into  the 
system  as  a  feed  or  feed  component. 

Descriptions  of  eggs,  larvae,  and  juveniles  of 
five  species  of  suckers  from  northeastern  United 
States  were  developed.  Keys  for  the  identification 
of  larvae  and  juveniles  are  expected  to  be  useful  to 
scientists  conducting  environmental  impact 
studies  in  this  region  and  in  other  areas  where 
these  species  occur. 

Methods  for  the  intensive  culture  of  walleye  fin- 
gerlings  were  improved;  however,  problems  with 
fry  culture  remain  to  be  solved.  Walleye  finger- 
lings  survive  and  grow  significantly  better  in  ver- 
tical-flow rearing  units  (i.e.,  jars,  mini-silos)  than 
in  horizontal-flow  units  (troughs).  Feed  particles 
apparently  remain  in  suspension  longer  in  the  ver- 
tical units,  thus  establishing  better  feeding  condi- 
tions. Fingerlings  survived  and  grew  better  in 
dimly  lighted  units  (less  than  5  lux)  than  in  well- 
lighted  units.  Diets  based  on  the  nutrient  concen- 
trations in  walleye  eggs  proved  to  be  marginally 
acceptable  for  walleye  fry  and  fingerling  culture; 
however,  adjustments  in  specific  ingredients  seem 
desirable  to  obtain  better  acceptance  and  growth. 

North  Carolina.  Primary  subjects  of  research 
were  studies  of  the  effects  of  Eurasian  watermil- 
foil  on  fish  populations  in  Currituck  Sound  and 
studies  of  spermatozoa  from  warmwater  fish. 

Currituck  Sound,  which  is  nationally  famous 
for  its  largemouth  bass  fishing,  became  infested 
with  watermilfoil  during  the  mid-1960's  and  dense 
growths  now  occur  in  60  to  75%  of  its  area.  Data 
collected  from  rotenone  samples  of  fish  from 
three  coves  before  and  after  milfoil  infestation 
indicated  that  weight  and  numbers  of  fish  (all 
species  combined)  per  hectare  were  higher  after 
the  infestation.  However,  the  average  weight  of 
the  fish  decreased.  Catfishes  and  yellow  perch 
showed  the  greatest  proportionate  increases  in 
numbers  per  hectare  and   largemouth  bass  and 


white  perch  the  greatest  decreases. 

Striped  bass  spermatozoa  were  successfully  pre- 
served by  using  freezing  procedures  and  media 
similar  to  those  used  in  salmonid  research.  In 
several  trials,  fertilization  ranged  as  high  as  56%. 

Ohio.  The  effects  of  stream  channelization  on 
warmwater  fish  and  macroinvertebrate  popula- 
tions were  studied  in  five  streams  by  comparing 
the  biota  in  natural  areas  with  that  in  nearby  chan- 
nelized areas.  Study  streams  were  the  Olentangy, 
Sandusky,  Hocking,  and  Little  Auglaize  rivers  in 
Ohio,  and  Rock  Creek  in  northeastern  Indiana. 
The  sport  fishery  at  the  study  sites  of  the  Olen- 
tangy, Sandusky,  and  Hocking  rivers  was  docu- 
mented and  an  additional  channelized  study  site, 
which  had  large  artificial  riffle-pool  stream  im- 
provement structures,  was  selected  in  the  Olen- 
tangy. In  general,  channelization  reduced  the  di- 
versity and  abundance  or  biomass  of  macro- 
benthos,  and  caused  a  shift  in  species  composition 
from  riffle  species  to  less  desirable  standing-water 
burrowing  forms.  An  exception  occurred  in  the 
Sandusky  River,  where  both  channelized  and  un- 
channelized  areas  had  riffle  areas  and  bedrock 
substrates.  Game  fish  were  less  abundant  in  chan- 
nelized areas,  and  some  channelized  areas  har- 
bored only  large  numbers  of  small  fish  of  non- 
game  species.  The  sport  fishery  reflected  the  fish 
population  in  the  area;  channelized  areas  generally 
supported  little  fishing,  except  during  short  sea- 
sonal spawning  runs  of  game  fish  in  the  Sandusky 
River.  The  biota  in  the  mitigated  area  of  the  Olen- 
tangy River  approximated  that  of  the  natural  area. 
The  channelized  area  of  the  Little  Auglaize  be- 
came dewatered  during  drought,  but  the  area  was 
repopulated  from  downstream  within  a  year. 
Rock^Creek  was  repopulated  within  a  year  after 
channel  construction,  but  with  less  desirable 
species  than  had  "previously  occurred  there. 

Oklahoma.  When  northern  and  Florida  large- 
mouth bass  were  introduced  into  a  reservoir  in 
which  the  water  was  warmed  slightly  by  a  power 
plant  effluent,  the  mortality  of  the  Florida  bass 
was  greater  than  that  of  northern  bass,  but  was 
not  correlated  with  winter  severity.  Both  sub- 
species inhabited  the  heated  effluent,  but  labora- 
tory simulations  of  cold  shocks  encountered  by 
bass  moving  out  of  the  effluent  during  winter 
more  adversely  affected  Florida  bass  than  north- 
ern bass. 

A  computer  simulation  model  based  on  12  con- 
secutive years  of  field  data  showed  that  about 
88%  of  the  variability  in  year-class  strength,  and 
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in  mortality  of  largemouth  bass  from  egg  to  age  I, 
could  be  attributed  to  water  levels  during  spawn- 
ing and  water  level  fluctuations  since  the  end  of 
the  previous  growing  season.  A  refined  model 
indicated  that  production,  yield,  and  catch  are 
most  sensitive  to  mortality  from  egg  to  age  I  and 
growth  rate  of  the  younger  age  groups. 

Phagocytosis  has  been  theorized  to  function  as 
a  host  response  to  infection  by  microsporidan 
parasites  such  as  Pleistophora  ovariae,  a  parasite 
of  the  ovaries  of  golden  shiner.  Spores  of  this 
parasite  were  actively  attacked  by  blood  cells  from 
four  types  of. cell  cultures,  but  not  all  parasites 
were  destroyed.  Even  so,  it  appears  that  phago- 
cytosis serves  as  a  defense  mechanism  for  the 
golden  shiner  in  combating  infections  of  P. 
ovariae. 

Oregon.  Pathogens  play  a  major  role  in  lower- 
ing production  of  hatchery-reared  anadromous 
salmonids.  Selective  breeding  for  disease  re- 
sistance has  been  proposed.  In  evaluating  the  re- 
sistance of  fish  of  different  stocks  and  transferrin 
genotypes  to  bacterial  kidney  disease  and  vibrio- 
sis, we  found  that  differences  in  resistance  to  kid- 
ney disease  among  coho  salmon  stocks  have  a 
genetic  basis,  whereas  susceptibility  to  vibriosis  is 
more  strongly  influenced  by  environmental  fac- 
tors. Coho  salmon  or  steelheads  of  a  given  stock 
may  be  resistant  to  one  disease  but  susceptible  to 
another.  The  importance  of  transferrin  genotypes 
to  resistance  of  coho  salmon  to  kidney  disease  is 
stock-specific,  but  no  differences  in  resistance  to 
vibriosis  among  transferrin  genotypes  were  ob- 
served. We  also  examined  differences  between 
meristic  characters  of  steelhead  stocks  to  deter- 
mine whether  the  stock  of  an  individual  could  be 
determined  if  it  were  caught  in  the  ocean.  We 
found  that  the  Alsea,  Siletz,  Rogue,  and  North 
Santiam  stocks  were  genetically  different  from 
each  other  in  numbers  of  vertebrae  and  scales,  but 
that  the  differences  were  not  great  enough  to  allow 
positive  identification  of  fish  caught  in  the  wild. 

We  completed  a  taxonomic  investigation  of 
juvenile  chinook  salmon  and  steelhead  trout  races 
collected  from  the  Rogue  River  basin,  Oregon,  in- 
volving scale  and  vertebral  numbers,  otolith  char- 
acteristics, quantity  and  fatty  acid  constituents  of 
mesenteric  fat,  and  electrophoretic  isozyme  iden- 
tification. Although  significant  morphological 
differences  between  fall  and  spring  chinook  and 
summer  and  winter  steelheads  were  found,  none 
of  these  differences  were  sufficient  to  allow  racial 
identification   of  individual    fish   with  90%    ac- 


Removing  pituitary  glands  from  the  carcasses  of 
spawned-out  fall  Chinook  salmon.  The  glands  will  be 
used  to  prepare  a  hormonal  compound  to  induce  spawn- 
ing in  hatchery  brood  stock.  Photo  by  C.  B.  Schreck. 


curacy. 

Inasmuch  as  juvenile  salmonids  are  subjected  to 
a  variety  of  stresses  encountered  in  nature  or  due 
to  management  or  research  practices,  we  at- 
tempted to  find  a  general  indicator  of  stress  by  de- 
termining corticoid  hormone  dynamics  in  sal- 
monids subjected  to  various  crowding  and  hand- 
ling procedures.  Handling  and  close  confinement 
markedly  stressed  the  chinook  salmon  and  cut- 
throat trout  tested.  Heat,  although  stressing,  may 
modify  this  response.  Crowding  of  smolts  may  re- 
duce gill  ATPase,  an  enzyme  implicated  in  migra- 
tory disposition  and  saltwater  adaptation.  Use  of 
a  proper  dose  of  anesthetic  for  1  hour  or  less  could 
reduce  stress  and  increase  survival  during  a  hand- 
ling procedure.  We  believe  that  plasma  Cortisol 
concentration  should  not  be  used  as  an  index  of 
stress  in  general. 

Catch  and  streamflow  data  were  analyzed  to  de- 
termine factors  affecting  coho  salmon  production 
in  Oregon.  Scale  characteristics  were  used  to  dis- 
tinguish wild  from  hatchery-produced  adult  coho 
salmon  caught  in  the  ocean  sport  fishery.  Of  the 
adult  coho  salmon  caught  in  the  ocean,  75%  origi- 
nated in  hatcheries.  The  catch  of  coho  salmon  in 
the  Oregon  trolling  fishery  correlated  positively 
with  streamflow  experienced  by  the  fish  as  smolts. 
Upwelling  in  the  ocean  correlated  significantly 
with  catch  by  the  trollers. 

Pennsylvania.  In  a  population  of  adult  wild 
brown  trout  being  studied  by  the  Unit,  the  fish 
rarely  use  cover;  individuals  feed  more  than  300 
times  per  hour  during  midday;  and  territoriality  is 
not  as  well  defined  as  has  generally  been  assumed 
in  adult  trout.  Many  individual  fish  have  been  fol- 
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lowed  for  two  summers.  None  have  been  handled 
for  identification,  but  are  instantly  recognized  by 
their  distinct  and  unique  body  markings. 

"Trout  Tracker,"  a  field  microcomputer,  has 
been  developed  specifically  for  behavioral  studies 
by  the  Unit.  Its  8,000-byte  memory  per  standard 
cassette  tape  makes  it  ideal  for  recording  a  large 
variety  of  behaviors  of  the  population.  The  infor- 
mation on  each  cassette  may  be  transferred  to  any 
larger  computer  for  manipulation.  It  eliminates 
hand-written  records  and  errors  in  transcription. 

Studies  of  unproductive,  naturally  acidic  trout 
streams  of  the  Allegheny  Plateau  showed  that 
acidity  affects  species  composition  of  attached 
algae  (the  base  of  the  aquatic  food  chain)  but  not 
the  number  or  diversity  of  species.  Neither  the  bio- 
mass  nor  the  growth  rate  of  the  algae  is  limited  by 
acidity,  in  comparison  with  similar  but  neutral 
streams.  However,  biomass  of  aquatic  insects 
(especially  the  species  that  feed  on  algae)  was  con- 
siderably greater  in  the  neutral  stream.  Car- 
nivorous species  were  about  equally  abundant  in 
the  two  streams. 

Investigations  of  freshwater  mussels  disclosed 
that  the  average  filtration  rate  of  the  species 
studied  decreased  as  food  concentration  in- 
creased. Mussels  did  not  decrease  the  amount  of 
time  spent  feeding  at  higher  food  concentrations, 
but  did  decrease  the  amount  of  filtration  effort. 
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Brook  trout  in  the  infertile,  often  acidic  streams  of  the 
Allegheny  Plateau  reach  maturity  at  a  small  size,  and 
their  length  seldom  exceeds  6  or  7  inches  Studies  by 
the  Pennsylvania  Cooperative  Fishery  Research  Unit 
may  lead  to  management  techniques  for  producing 
more  and  larger  trout  in  these  streams.  Photo  by  Dean  E. 
Arnold. 


South  Dakota.  A  source  of  brood  fish  for  ob- 
taining eggs  and  a  source  of  food  for  the  young 
are  major  problems  in  the  propagation  and  intro- 
duction of  muskellunge  outside  their  range.  The 


first  phase  of  a  long-term  project  designed  to  in- 
troduce muskellunge  into  South  Dakota  was  com- 
pleted. Muskellunge  eggs  were  obtained  from  the 
Pennsylvania  Fish  Commission  and  hatched  at  the 
Gavins  Point  National  Fish  Hatchery.  Muskel- 
lunge fry  were  fed  invertebrates — primarily 
chironomid  larvae  and  the  cladocerans  Moina 
affinis  and  Daphnia  magna — obtained  with  dip 
nets  and  drift  nets  from  the  Brookings,  South 
Dakota,  sewage  lagoon.  Moina  affinis  (less  than 
1  mm  long)  appeared  to  be  of  ideal  size  for  fry  of 
lengths  up  to  38  mm.  (The  fish  did  not  eat 
chironomid  larvae  or  the  large  juvenile  instars  and 
adults  of  D.  magna.)  After  20  days,  the  fry  were 
transferred  to  ponds  stocked  with  fathead  min- 
nows. Here  they  attained  a  mean  total  length  of 
about  205  mm  in  69  days. 

The  muskellunge  are  now  part  of  a  research 
project  designed  to  evaluate  and  develop  a  power 
plant  cooling  reservoir  as  a  rearing  and  holding 
area  for  brood  fish.  If  they  grow  and  develop  in 
the  heated  water  of  the  power  plant,  they  may  pro- 
vide the  eggs  for  producing  and  stocking  muskel- 
lunge in  other  waters  of  the  Dakotas. 

Tennessee.  A  study  has  been  completed  to  de- 
termine whether  brook  trout  in  the  southeastern 
United  States  are  different  from  those  in  other 
parts  of  the  country,  or  more  specifically  to  deter- 
mine whether  they  are  a  distinct  subspecies.  Since 
brook  trout  populations  have  been  declining  in  re- 
cent years  in  the  South,  particularly  in  Great 
Smoky  Mountains  National  Park,  it  was  vital  to 
management  to  know  whether  southern  fish  were 
unique,  as  believed  by  many  fishery  biologists.  We 
compared  fish  from  four  southern  states  (Ten- 
nessee, North  Carolina,  Georgia,  and  Virginia) 
with  fish  from  West  Virginia,  Pennsylvania,  New 
York,  Utah,  and  Michigan,  using  both  traditional 
taxonomic  techniques  and  biochemical  tech- 
niques. We  concluded  that  there  is  not  a  separate 
subspecies  of  brook  trout  among  the  populations 
sampled. 

In  a  study  of  angler  exploitation  of  largemouth, 
smallmouth,  and  spotted  bass  in  Center  Hill 
Reservoir,  Tennessee,  numbered  tags  with  various 
reward  values  were  attached  to  large  numbers  of 
bass  in  May  1975  and  April  1976.  Returns  from 
fishermen  indicated  that  15  to  20%  of  all  bass  over 
8  inches  long  were  caught  in  each  of  the  two  years. 
Comparisons  between  the  number  of  tags  returned 
and  estimated  monthly  catches  by  anglers  indi- 
cated that  increased  angling  vulnerability,  in- 
creased mortality,  or  tag  loss  seriously  affected  the 
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Dr.  Raymond  C.  Simon,  U.S.  Fish  and  Wildlife  Service  biologist  from  Leetown,  West  Virginia,  demonstrates  blood 
sampling  techniques  to  a  graduate  student  who  is  studying  the  feasibility  of  live-sampling  techniques  in  electro- 
phoretic  studies  of  brook  trout.  Photo  by  Tennessee  Tech  University  Photographic  Services. 


reliability  of  the  annual  exploitation  estimates. 
Assuming  that  tag  loss  was  significant,  exploita- 
tion rates  for  all  three  species  were  about  30*70.  We 
concluded  that  bass  in  the  reservoir  were  not  being 
overharvested. 

A  study  in  Watts  Bar  and  Chickamauga  reser- 
voirs, Tennessee,  indicated  that  a  commercial 
fishery  in  these  waters  had  only  a  low  or  negligible 
influence  on  striped  bass  and  other  game  fishes. 
There  has  been  concern  that  the  commercial 
fishery,  which  has  operated  in  these  two  reservoirs 
since  the  early  1960's,  was  adversely  affecting  the 
striped  bass  population.  In  our  study,  experi- 
mental trammel  nets  that  were  identical  with  com- 
mercial gear  were  set  at  times  and  places  identical 
with  those  selected  by  the  commercial  fishermen. 
Between  April  and  October  1977,  only  eight 
striped  bass  were  included  in  the  experimental 
samples.  When  the  experimental  catch  per  net  was 
multiplied  by  the  estimated  total  number  of  nets 
set  by  commercial  fishermen,  the  estimated  catch 


rates  of  striped  bass  were  only  0.005-0.040  fish  per 
acre  per  year. 

Utah.  Studies  on  the  warmwater  fishery  of  Peli- 
can Lake,  a  680-ha  ( 1 ,680-acre)  desert  lake  in  east- 
ern Utah,  have  been  completed.  The  lake,  which 
routinely  produces  catches  of  bluegills  with  an 
average  weight  of  more  than  200  g  (0.5  pound), 
has  been  under  increasing  fishing  pressure  in  re- 
cent years.  The  Unit  investigated  the  fishery  to  de- 
termine whether  changes  in  management  might  be 
needed.  Over  the  3-year  study  period,  an  average 
of  7,600  angler  days  per  year  were  recorded. 
Fishermen  harvested  about  41,000  bluegills  and 
4,000  largemouth  bass  per  year.  Most  of  the  blue- 
gills caught  were  4  to  5  years  old  and  weighed  194 
to  211  g.  Bluegills  matured  at  2  years  of  age  and 
spawned  from  June  to  September,  the  peak  being 
in  June.  Fecundity  estimates  for  bluegills  ranged 
from  1 1 ,000  mature  ova  (in  fish  2  years  old)  to 
46,000  (in  fish  4  years  old).  Fecundity  of  large- 
mouth  bass  of  the  same  age  groups  was  about 
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60%  that  of  the  bluegills.  It  was  recommended 
that  the  present  creel  limit  of  20  bluegills  per  day 
be  increased  but  that  the  limit  of  10  bass  per  day 
be  maintained. 

The  Utah  chub  is  a  forage  fish  that  frequently 
overpopulates  western  reservoirs  to  the  detriment 
of  more  important  recreational  fish  species.  The 
Unit  has  investigated  piscicides  that  might  be  use- 
ful for  controlling  the  chub.  Field  and  laboratory 
analyses  of  the  toxicity  of  squoxin  were  conducted 
with  several  fish  species  under  different  water 
quality  conditions.  Selectivity  and  safety  indices 
for  the  chub  compared  with  two  species  of  trout 
indicated  a  selective  control  potential  for  squoxin 
in  hard  water  at  12°  C  and  in  very  hard  water  at 
5.6°  and  18°  C.  Squoxin  caused  gill  lesions  that 
reduced  the  chub's  respiratory  efficiency  and 
caused  death.  Chubs  did  not  avoid  the  compound, 
and  the  chemical  decomposed  rapidly  in  the  water. 
Work  is  continuing  on  the  effects  of  squoxin  and 
other  piscicides  on  chub  eggs  and  larvae.  These 
data  and  information  on  the  movement  and  be- 
havior of  chub  populations  in  western  reservoirs 
will  help  determine  the  feasibility  of  partly  con- 
trolling the  chub  by  spot  treatments  of  its  spawn- 
ing areas. 


The  streamlined  body  shape  of  the  bonytail  chub  is  typi- 
cal of  several  fish  which  live  only  in  the  swift  and  turbid 
rivers  of  the  Colorado  River  system.  The  species  may  be 
classified  as  "endangered"  because  dams  and  other 
river  modifications  are  reducing  its  habitat.  This  reduc- 
tion has  resulted  in  a  large  decline  in  the  population. 
Photo  by  Steven  H.  Lanigan. 


Virginia.  The  functioning  of  natural  systems 
needs  to  be  understood  in  assessing  environmental 
impacts  and  understanding  differences  in  per- 
turbed systems.  To  understand  and  assess  these 
systems  and  their  differences,  we  studied  two 
streams  whose  watersheds  included  inactive  sur- 
face mines,  and  one  that  did  not,  in  southwestern 
Virginia,  for  2  years.  At  quarterly  intervals  we 
measured  various  physical  and  chemical  charac- 
teristics; the  composition,  abundance,  and  bio- 
mass  of  fish  and  benthic  invertebrates;  and  the 


quantities  of  organic  and  inorganic  materials 
present. 

Alkalinity,  conductivity,  hardness,  and  sulfate 
were  elevated  in  the  streams  with  the  mines,  de- 
spite reclamation  treatment  of  the  watersheds  3  to 
5  years  earlier.  The  streams  draining  watersheds 
with  mines  carried  a  heavy  benthic  sediment  bur- 
den, due  primarily  to  the  continued  erosion  from 
the  mined  areas  and  from  abandoned  haul  roads. 
Inorganic  sediment  in  the  mining-impacted 
streams  covered  the  natural  rubble  substrate, 
smoothing  the  bottom,  filling  in  pools,  and  delay- 
ing the  decomposition  of  allochthonous  organic 
material,  the  principal  energy  source.  Fine-particle 
organic  material  was  trapped  in  the  sediment,  but 
the  density  of  larger  organic  particles  was  reduced, 
possibly  due  to  increased  transport  over  the 
smoothed  substrate. 

The  density,  biomass,  and  diversity  of  benthic 
invertebrates  and  fish  were  consistently  lower  in 
the  mining-impacted  streams.  This  study  demon- 
strates that  sedimentation  can  be  a  severe  and  last- 
ing after-effect  of  surface  mining,  even  in  the  ab- 
sence of  acid  drainage.  Land  reclamation  did  not 
result  in  stream  reclamation  and  recovery.  The  in- 
clusion of  water  quality  criteria  in  the  administra- 
tion of  mined-land  reclamation  would  promote 
management  practices  conducive  to  recovery  of 
the  streams. 

A  small  brook  trout  stream  in  southwestern  Vir- 
ginia was  studied  to  determine  the  life  history 
characteristics  of  native  brook  trout  from  high- 
gradient,  sterile  brook  trout  streams  of  the  south- 
eastern United  States,  and  to  determine  the  impor- 
tance of  primary  tributaries  in  the  population  dy- 
namics of  brook  trout.  Backpack  electrofishing, 
marking,  and  two-way  weirs  were  used  in  sam- 
pling and  population  estimation. 

No  well-defined  seasonal  movements  of  brook 
trout  were  recorded  in  the  study  stream.  Discrete 
populations  in  permanent  primary  tributaries  re- 
mained discrete.  Localized  movements  of  brook 
trout  in  the  main  stream  occurred,  and  there  ap- 
peared to  be  limited  seasonal  use  of  intermittent 
tributaries  by  mainstream  populations  during  the 
spawning  season.  The  brook  trout  were  short- 
lived and  the  population  turnover  rate  was  high. 
No  fish  were  more  than  4  years  old  and  most  were 
less  than  2  years  old.  Growth  was  average  during 
the  first  year  and  above  average  after  the  first 
year. 

Washington.  Artificial  reefs  have  been  used 
throughout  the  world  to  increase  the  fish  produc- 
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tion  potential  of  barren  or  relatively  unproductive 
areas.  In  Puget  Sound,  Washington,  the  nearshore 
region  is  primarily  a  sand-bottom  habitat,  occu- 
pied by  a  few  species  of  flatfish  at  a  relatively  low 
density;  however,  the  addition  of  artificial  struc- 
tures has  tended  to  increase  the  number  of  species 
and  density  of  fish,  simulating  assemblages  com- 
monly observed  on  rocky  bottoms.  This  study  is 
part  of  an  effort  to  develop  an  extensive  public 
fishing  pier  and  artificial  reef  program  by  the 
Washington  State  Department  of  Fisheries. 


From  April  1975  to  May  1978,  eight  artificial 
reef  habitats  were  surveyed,  by  SCUBA  transects, 
for  density,  biomass,  and  species  assemblages  of 
potential  sport  species  of  fish.  The  open  sand 
bottom  at  the  depth  range  of  6  to  18  m  was  also 
surveyed.  The  interpretation  of  these  data  sug- 
gested several  artificial  reef  designs  and  place- 
ments that  would  increase  the  concentrations  of 
the  most  desirable  sport  species.  Four  reef  con- 
figurations (flatsquare,  triad,  horseshoe,  and 
pyramid)  were  designed,  constructed,  and  evalu- 


A  tagged  quillback  rockfish  on  a  triad  tire  reef  design  in  the  nearshore  region  of  central  Puget  Sound,  Washington. 
Photo  by  J.  M.  Walton. 
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ated  during  the  study. 

The  artificial  habitats  changed  the  fish  species 
composition  in  the  nearshore  area  from  one  com- 
posed primarily  of  5  species  of  flatfish  to  one  com- 
posed of  29  potential  sport  species.  The  density 
and  biomass  of  fish  on  the  artificial  habitats  (0.7 
fish/m2  and  94  g/m2)  was  more  than  12  times  that 
estimated  for  the  sand  bottom.  The  optimum  reef 
structure  was  the  medium  high  relief  triad  design, 
for  which  the  average  density  estimate  was  2.4 
fish/m2  (308  g/m2).  The  artificial  reefs  supported 
twice  the  biomass  and  1 1  times  the  density  of  fish 
found  on  natural  reefs  in  Puget  Sound. 

Tagged  fish  were  used  to  follow  migration  pat- 
terns and  note  the  movement  of  individual  fish, 
and  as  a  means  of  population  enumeration.  Sea- 
sonal migrations  resulted  in  a  significant  reduction 
in  numbers  of  fish  present  in  the  area  in  the  winter 
and  spring.  Fish  of  certain  species,  including  the 
quillback  rockfish,  copper  rockfish,  brown  rock- 
fish,  black  rockfish,  Pacific  cod,  Pacific  staghorn 
sculpin,  and  rock  sole,  returned  to  the  same  loca- 
tion after  the  winter  migration  out  of  the  area. 
Management  of  this  fishing  pier-artificial  reef 
complex  was  based  on  the  findings  of  our  study. 

Wisconsin.  The  stocking  of  legal-sized  trout 
(152  mm  long  or  longer)  in  lakes  containing 
warmwater  fish  populations  is  a  common  manage- 
ment practice.  To  further  assess  the  effectiveness 
of  this  practice,  as  applied  in  Wisconsin,  we  con- 
ducted creel  surveys  on  three  small  lakes  that  had 
been  stocked  with  rainbow  trout  or  rainbow  trout 
and  brook  trout. 

The  trout,  which  were  stocked  in  spring,  pro- 
vided a  popular  sport  fishery,  but  only  for  a  short 
time;  typically  half  or  more  of  the  stocked  fish 
were  caught  during  the  1st  month  of  the  10-month 
trout  fishing  season.  Estimates  for  different  lakes 
or  years  of  the  percentage  of  the  total  numbers  of 
fish  returned  in  the  1  st  month  of  the  fishing  season 
(May)  were  46,  73,  62,  and  31  for  rainbow  trout 
and  64  for  brook  trout.  Most  anglers  interviewed 
were  fishing  primarily  for  trout.  In  one  lake,  95% 
of  the  anglers  interviewed  over  a  9-month  season 
were  seeking  trout,  even  though  the  trout  fishery 
persisted  for  less  than  2  months. 

Fishing  pressure,  like  the  trout  catch,  was 
highest  at  the  opening  of  the  season,  and  declined 
sharply  thereafter.  In  one  lake  67%  of  the  total 
annual  fishing  pressure  occurred  in  the  1st  month 
of  the  season  and  79%  in  the  1st  2  months.  Be- 
cause the  trout  were  harvested  rapidly,  relatively 
little  of  the  production  capacity  of  the  lakes  was 


channelled  into  production  of  trout  flesh.  There- 
fore, the  stocked  trout  provided  a  put-and-take 
fishery  at  little  expense  to  the  existent  fishery  for 
warmwater  species  (largemouth  bass,  bluegill, 
yellow  perch,  white  sucker,  black  crappie,  and 
smallmouth  bass). 


COOPERATIVE  WILDLIFE  RESEARCH 
UNITS 

Alabama.  Forty-two  wild  turkey  hens  were  cap- 
tured and  patagially  marked  immediately  before 
the  spring  mating  seasons  of  1973  and  1974  on  an 
area  in  east-central  Alabama  managed  for  cattle 
and  timber.  Thirty-eight  additional  hens  were 
equipped  with  164-MHz  transmitters.  Nine  non- 
nesting hens  preferred  grazed  pine  habitat;  the 
average  maximum  dispersal  distance  from  capture 
site  to  the  farthest  point  in  their  spring-summer 
ranges  was  1.8  miles.  Twelve  nesting  hens  moved 
an  average  of  1 .4  miles  from  capture  site  to  nest 
site.  Sixteen  wild  turkey  nests  were  found  during 
the  study  period.  Ten  nests  were  located  in  areas 
with  similar  understory  and  herbaceous  vegetation 
and  14  in  ungrazed  areas.  Eleven  nests  were  con- 
cealed in  moderately  thick  undergrowth;  five  were 
in  the  open.  Seven  nests  were  destroyed  by  preda- 
tors. Summer  ranges  of  hens  with  broods  averaged 
248.6  acres.  The  average  spring-summer  range  for 
all  hens  was  785.2  acres.  Nesting  hens  also  showed 
a  definite  preference  for  grazed  pine  habitat,  and 
their  movements  and  habitat  choices  seemed  to  be 
influenced  by  grazed  permanent  pastures  and 
grazed  woodlands.  No  undue  competition  for 
food  between  cattle  and  wild  turkeys  was  ob- 
served. 

Seasonal  waterfowl  occurrence  on  aquatic  habi- 
tats on  surface-mined  lands  in  Alabama  5,  15,  and 
25  years  old  were  studied  during  1976  and  1977. 
Trends  in  aquatic  vegetation  and  plant  succession 
were  noted  and  production  of  known  waterfowl 
foods  was  determined.  The  average  number  of 
birds  counted  per  observation  was  0.16,  0.19,  and 
0.85  for  5-,  15-,  and  25-year-old  ponds,  respec- 
tively. Most  frequently  observed  species  were  the 
wood  duck,  ring-necked  duck,  and  pied-billed 
grebe.  Cover  analysis  indicated  an  increase  in  per- 
centage of  vegetated  shoreline  and  overhead  cover 
as  ponds  increased  in  age.  Aquatic  vegetation  was 
limited  to  one  or  two  plant  species.  Factors  limit- 
ing use  of  the  ponds  by  waterfowl  are  believed  to 


136 


Caribou  seeking  relief  from  insects  on  a  gravel  road  near 
Prudhoe  Bay,  Alaska.  Photo  by  D.  R.  Klein. 


be  the  lack  of  shoal  waters,  the  absence  of  cover 
on  young  ponds,  and  the  scarcity  of  waterfowl 
foods.  Recommendations  for  reclaiming  strip 
mine  ponds  as  waterfowl  habitat  were  made. 

Alaska.  Observations  of  the  behavior  of  cari- 
bou along  the  Trans-Alaska  Oil  Pipeline  from  the 
Brooks  Range  north  to  the  Beaufort  Sea  indicated 
that  caribou  move  in  response  to  several  features 
of  the  arctic  environment.  The  northward  migra- 
tion of  pregnant  cows  in  early  spring  is  apparently 
timed  to  reduce  predation  on  calves  by  wolves  and 
bears,  perhaps  also  to  take  advantage  of  nutritious 
vegetation  as  it  becomes  green.  Bulls  move  north- 
ward only  after  the  cows  have  migrated,  and 
arrive  on  the  Beaufort  Sea  coast  about  the  time  of 
mosquito  emergence.  River  deltas  along  the  coast 
offer  relief  from  mosquitos  and  oestrid  flies.  Rela- 
tively low  densities  of  wolves  and  relief  from  in- 
sects attract  caribou  to  coastal  areas  during 
summer. 

During  winter,  caribou  favor  the  northern  foot- 
hills of  the  Brooks  Range.  Herds  in  this  region 
break  into  small  bands  of  about  10  caribou  to 
make  efficient  use  of  limited  winter  forage  in 
localized  areas.  Wolf  predation  tends  to  keep  the 
caribou  in  small  bands  for  protection;  otherwise, 
it  is  possible  that  they  would  break  into  even 
smaller  groups.  Bands  of  about  10  caribou  seem  to 
be  a  compromise  between  the  need  to  use  limited 
browse  efficiently  and  the  need  to  seek  protection 
from  wolves. 


Activity  of  caribou  varied  considerably  between 
seasons  because  of  parasitic  insects  and  the  avail- 
ability of  suitable  forage.  In  general,  grazing  con- 
ditions are  most  favorable  during  summer  on 
those  days  when  insect  harassment  is  minor  and 
are  least  favorable  during  those  winters  when  for- 
age quality  is  unusually  low. 

The  activity  patterns  of  caribou  near  the  pipe- 
line haul  road  did  not  differ  markedly  from  those 
of  caribou  more  than  300  m  away.  However,  dur- 
ing summer,  cow  and  calf  groups  were  highly  sen- 
sitive to  human  activity  and  avoided  the  pipeline 
and  the  haul  road.  Observations  of  caribou  near 
elevated  sections  of  pipeline  suggest  that  bulls  may 
adapt  to  these  sections. 

Studies  of  the  impact  of  resource  development 
on  movements  and  behavior  of  caribou  are  com- 
plicated by  the  seasonal  and  sexual  differences  in 
caribou  behavior.  Environmental  factors  signifi- 
cantly affect  the  sensitivity  of  caribou  to  human 
activity.  Parasitic  insects  and  severe  winter 
weather  decrease  the  sensitivity  of  caribou — the 
presence  of  potential  predators  increases  it. 

Arizona.  A  relict  population  of  only  6  to  10 
white-tailed  deer  was  studied  in  a  desert  mountain 
range  in  southwestern  Arizona.  The  deer  were 
most  commonly  found  at  elevations  between  3,000 
and  4,000  feet,  where  temperatures  are  usually 
above  38°  C  and  a  3-  to  4-month  rainless  period  is 
a  yearly  occurrence.  The  vegetation  in  this  area  is 
described  as  Sonoran  desert  scrub.  The  deer  pri- 
marily inhabited  three  patches  of  suitable  habitat 
within  their  range,  each  patch  covering  about  247 
acres.  Suitability  of  habitat  was  determined  by 
forage,  topography,  and  water  availability.  The 
presence  of  permanent  water  may  be  the  key 
factor  affecting  the  distribution  of  this  small 
desert  herd.  Deer  moved  over  5  miles  to  obtain 
water  during  the  hot,  dry  season  of  early  summer. 
Some  competition  for  food  may  be  occurring  with 
domestic  cattle  and  bighorn  sheep,  but  habitat  and 
range  separation  appears  to  prevent  competition 
with  the  mule  deer  and  feral  burros  that  also 
occupy  this  region. 

A  study  of  bird  populations  and  of  the  use  of 
dead  tree  snags  by  hole-nesting  birds  was  initiated 
in  the  Santa  Catalina  Mountains  near  Tucson, 
Arizona.  Three  study  areas  were  established: 
Upper  Bear  Canyon  (6,000-6,200  feet),  Rose 
Canyon  (6,600-7,200  feet),  and  Mount  Lemmon 
(8,000-8,600  feet).  In  June  1978,  53  species  of 
birds  were  identified  on  these  areas.  Twenty  nests 
of  nine  species  of  hole-nesting  birds  were  located. 
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Large  "gang"  broods  of  as  many  as  40  Rocky  Mountain  Canada  geese  accompanied  by  only  two  or  three  pairs  of 
adults  are  common  in  some  breeding  areas,  indicating  that  even  successful  breeding  adults  may  leave  their  broods 
and  go  elsewhere  to  molt.  Photo  by  William  Krohn. 


Waterfowl  production  was  studied  on  13 
natural  basins  of  3  to  300  acres  in  the  Flagstaff 
area  of  Arizona  during  the  spring  and  summer  of 
1978.  Dominant  vegetation  associated  with  these 
ephemeral  wetlands  consists  of  pale  spikerush 
and,  on  semipermanent  water  areas,  tule  bulrush. 
Basin  areas  are  grazed  at  intervals  corresponding 
to  rest-rotation  schedules  determined  by  the  U.S. 
Forest  Service.  The  cattle  congregate  in  the  basins 
and  feed  heavily  on  spikerush,  causing  extensive 
mechanical  damage  to  the  shoreline  vegetation. 

Waterfowl  production  in  1978  was  dominated 
by  redheads,  pintails,  ruddy  ducks,  and  cinnamon 
teals,  in  that  order.  Mallard,  gadwall,  and  green- 
winged  teal  broods  were  also  noted.  Redhead 
broods  were  observed  only  on  the  basins  where 
both  bulrush  and  spikerush  grew;  cinnamon  teal 
and  ruddy  duck  broods  were  commonly  found  on 
these  basins,  too.  Pintail  broods  were  found  on 
basins  supporting  mixed  vegetation  of  various 
densities.  Nests  of  cinnamon  teals  were  found  in 
dense  spikerush.  A  pintail  nest  was  located  about 
459  feet  from  the  nearest  water  in  a  grass-shrub 
association,  and  a  redhead  nest  was  found  over 
water  in  tule  bulrush. 

Colorado.  A  method  for  estimating  the  age  of 
individual  mountain  lions  has  been  devised  that 
uses  specific  combinations  of  blood  characteristics 
and  body  measurements  to  yield  an  age  estimate  to 
year    class.    No    generally    satisfactory    method 


existed  previously. 

Thirty-seven  attributes  from  76  samples  taken 
from  54  captive  mountain  lions  were  evaluated. 
Globulins,  blood  urea  nitrogen,  total  protein, 
alkaline  phosphatase,  zinc,  percent  monocytes, 
and  percent  neutrophils  provided  usable  values 
from  blood  samples.  The  usable  body  measure- 
ments were  distance  from  the  cemento-enamel 
junction  to  the  gum  line  of  premolar  and  upper 
canine  teeth,  tarsal  length,  and  total  body  length. 

The  method  can  be  used  to  estimate  the  effect  of 
hunting  regulations  on  longevity  and  turnover 
rates  of  mountain  lion  populations. 

Results  of  a  survey  of  468  randomly  selected 
residents  of  the  oil  shale  region  in  Colorado, 
Utah,  and  Wyoming  showed  public  interest  to  be 
greatest,  in  descending  order,  in  elk,  deer,  sport 
fish,  pronghorn  antelope,  bighorn  sheep,  game 
waterfowl  and  shorebirds,  raccoons  and  other  fur- 
bearers,  cottontails,  upland  game  birds,  and  non- 
game  birds.  Threatened  or  endangered  species 
ranked  12th  in  public  interest  and  feral/wild 
horses  ranked  18th.  Poisonous  reptiles  ranked  last 
among  the  25  groups  listed. 

Of  the  respondents,  310  were  male,  36  held 
environmental  group  memberships,  73  held  sport- 
ing group  memberships,  and  324  were  hunters. 
These  results  can  be  used  as  a  guideline  when 
priorities  are  set  for  species  to  receive  some 
measure  of  protection  during  oil  shale  develop- 
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Cooperative  (Canada,  United  States)  banding  of  geese  on  breeding  areas  in  southern  Alberta  has  been  a  key  factor 
in  defining  the  range  of  the  Rocky  Mountain  population  of  the  western  Canada  goose.  Photo  by  William  Krohn. 


merit. 

A  total  of  42  square  miles  of  wildlife  habitat  is 
estimated  to  be  lost  if  production  of  oil  from  shale 
in  Colorado,  Utah,  and  Wyoming  reaches  133,000 
barrels  per  calendar  day,  a  low  level.  The  estimate 
increases  to  100  square  miles  if  production  reaches 
356,000  barrels,  and  251  square  miles  if  it  reaches 
828,000  barrels.  The  rate  in  the  20th  century  is 
likely  to  reach  356,000  barrels. 

These  estimates  were  the  result  of  a  study  that 
identified  47  components  of  the  shale  oil  extrac- 
tion system,  identified  27  types  of  outputs  pro- 
duced by  those  components,  and  delineated  the 
boundaries  of  38  sites  where  outputs  might  occur 
at  levels  that  would  preclude  production  of  wild- 
life. Only  16  of  the  sites,  all  in  Colorado  and 
Utah,  were  judged  to  be  viable,  however.  The 
extent  of  off-site  areas  affected  was  estimated 
indirectly  and  was  not  geographically  specific. 

The  Shiras  moose  has  expanded  its  distribution 
in  the  northern  Rocky  Mountains  during  the  past 
century,  an  indication  that  moose  are  capable  of 
colonizing  vacant  habitat.  The  colonizing 
mechanism  must  be  understood  to  manage  this 
species  adequately.  To  this  end,  the  following 
hypothesis  is  being  tested:  the  solitary  social 
organization  of  the  Shiras  moose  will  facilitate 
initial  occupation  of  vacant  habitat  through  a 
spacing  of  adults  and  the  expulsion  of  juveniles 
from  areas  where  adults  have  established  home 
ranges.  The  test  involves  the  introduction  of  24 


moose  into  unoccupied  habitat  in  north-central 
Colorado.  Twelve  were  released  during  March 
1978  and  12  more  were  expected  to  be  released  in 
January  1979.  All  moose  released  were  collared 
with  radio  transmitters.  Relocations  of  animals 
after  their  release  yielded  data  on  home  range 
selection,  habitat  preferences,  and  population 
dynamics.  Four  of  six  calves  born  to  the  moose 
introduced  in  1978  were  known  to  be  alive  at  the  end 
of  September.  Willow,  lodgepole  pine,  and  quaking 
aspen  were  preferred  habitat  types. 

Idaho.  Information  collected  over  a  30-year 
period  by  waterfowl  biologists  of  Canada  and  the 
United  States  concerning  the  geese  of  the  inter- 
mountain  region  was  analyzed  by  the  Unit  at  the 
request  of  the  Pacific  Flyway  Technical  Com- 
mittee and  the  Council  with  the  hope  that  long- 
term  management  guidelines  could  be  developed. 

The  analysis,  begun  in  1975,  was  completed  in 
1978.  Banding  data  (19,000  recoveries)  accumu- 
lated since  the  1930's  were  analyzed;  information 
on  breeding  biology  and  molt  migration  was 
assembled;  and  existing  breeding  and  wintering 
survey  routes  were  flown  by  the  investigator  to 
evaluate  methods  being  used  to  gather  data.  With 
excellent  cooperation  from  all  States  and  Prov- 
inces involved,  we  compiled  an  extensive  goose 
habitat  inventory  for  the  entire  breeding  and 
wintering  ranges  of  the  population.  An  examina- 
tion of  hunting  mortality  and  survival  rates,  com- 
puted on  the  basis  of  band  recoveries,  showed  that 
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sport  hunting  accounted  for  more  than  86%  of  the 
mortality  of  fledged  Canada  geese  of  the  inter- 
mountain  region.  The  range  of  the  Western 
Canada  goose  was  delineated,  and  the  population 
was  divided  into  the  Pacific  and  the  Rocky  Moun- 
tain populations,  based  on  banding  data  and  on 
migration  and  wintering  behavior.  The  study  pro- 
duced a  proposed  management  plan  and  a  series 
of  management  and  research  recommendations 
for  consideration  by  the  Pacific  Flyway  Council 
and  by  Provincial,  State,  and  Federal  waterfowl 
management  agencies. 

Iowa.  Local  movements  of  nine  female  ring- 
necked  pheasants  in  response  to  snowmobile 
activity  were  monitored  by  radiotelemetry  in  a 
large  cattail  marsh  in  northwestern  Iowa  during 
February  1978.  Snowmobiling  was  confined  to  six 
1,120-m  trails,  160  m  apart,  in  a  section  of  marsh 
used  by  pheasants  as  winter  cover.  No  radio- 
equipped  birds  left  the  trail  area  during  snow- 
mobile activity,  and  no  changes  in  roost-site  loca- 
tion or  daily  behavior  were  observed.  Only  once  in 
24  instances  was  an  aberrant  movement  detected 
in  direct  response  to  snowmobiling;  this  pheasant 
moved  toward,  not  away  from,  the  trail  area.  In 
cattail  marshes  similar  to  the  one  studied,  snow- 
mobiling probably  would  have  little  or  no  effect 
on  pheasant  populations  if  traffic  could  be  con- 
fined to  a  few  widely  spaced  trails. 

Effects  of  snowmobiling  on  wetland  vegetation 
were  examined  from  December  1976  to  June  1978. 
Densities  of  cattail,  sedge,  and  giant  burreed  were 
unaffected  by  trail  grooming  without  subsequent 
snowmobiling,  but  cattail  height  decreased  12  cm. 
Trail  grooming  with  snowmobiling  was  followed 
by  a  23%  decrease  in  cattail  density,  a  12% 
(12  cm)  decrease  in  cattail  height,  and  a  44% 
increase  in  sedge  density.  Snowmobiling  had  no 
effect  on  bluejoint  reedgrass  density  or  sedge 
height.  No  vegetative  differences  were  detected  be- 
tween trails  with  440  snowmobile  trips  and  those 
with  180  trips  per  season.  With  snowmobiling  con- 
fined to  dispersed  trails,  no  serious  alteration  of 
wildlife  habitat  would  result  from  the  degree  of 
vegetative  change  observed  in  this  study.  Long- 
term  effects  are  not  yet  determined. 

Effects  of  channelization  on  riparian  habitat 
were  determined  from  interpretation  of  aerial 
photographs  of  100  short-reach  channel  realign- 
ment projects  (1945-70)  primarily  dealing  with 
bridge  building  and  bypassing  of  meanders.  Over- 
all, forest  and  woodland  did  not  change,  but  her- 
baceous cover  decreased  and  cropland  increased 


where  stream  alteration  occurred.  Birds  and  mam- 
mals were  censused  in  a  variety  of  habitat  types, 
from  hayfields  to  closed-canopy  woodlands. 
Observations  of  52  bird  species  in  the  following  six 
habitat  types  were  used  to  calculate  indices  of 
tolerance  to  potential  habitat  alterations:  woody 
vegetation  removed,  leaving  pasture  or  hayfields; 
woody  vegetation  reduced  to  narrow  strips  along 
streams;  woody  overstory  partly  removed;  woody 
overstory  partly  removed  and  shrubs  thinned; 
shrubs  thinned;  and  snags  removed.  Effects  on 
nine  species  of  mammals  were  predicted  with  the 
following  set  of  potential  habitat  alterations:  tim- 
ber removal;  light  grazing;  heavy  grazing;  chan- 
nelization; invasion  of  trees  and  shrubs;  and  cessa- 
tion of  grazing.  Meadow  voles  used  the  narrowest 
range  of  habitats,  white- footed  mice  the  broadest. 
About  380  taxa  of  vegetation  occurred  in  47  com- 
munity types  within  250  m  of  stream  banks. 
Effects  of  grazing,  clearing  overstory  trees,  and 
channelization  on  riparian  vegetation  were  deter- 
mined. These  studies  of  birds,  plants,  and  small 
mammals  in  riparian  communities  make  it  pos- 
sible to  predict  the  effects  of  habitat  disturbances 
before  they  occur,  and  are  thus  of  importance  to 
resource  managers. 

Louisiana.  The  fall  migration  of  waterfowl  into 
Louisiana  was  monitored  for  2  years  to  determine 
the  relative  usage  of  the  Mississippi  and  Central 
flyways.  Radar  stations  were  operated  in  Slidell 
and  Lake  Charles,  Louisiana,  in  1975,  and  in 
Little  Rock,  Arkansas,  and  Lake  Charles, 
Louisiana,  in  1976.  Waterfowl  targets  on  the 
radar  screen  were  recorded  photographically,  and 
the  frequency  of  waterfowl  tracks  per  axis  of 
movement  was  recorded.  The  directional  heading 
of  waterfowl  over  Slidell  was  primarily  south- 
southwesterly,  which  suggested  that  these  birds 
traveled  primarily  within  the  Mississippi  Flyway. 
The  major  waterfowl  headings  over  Little  Rock 
were  southeasterly,  indicating  that  these  birds 
traveled  in  both  the  Central  and  Mississippi  fly- 
ways.  Migration  over  Lake  Charles  was  predomi- 
nantly southeast;  these  waterfowl  apparently 
traveled  primarily  within  the  Central  Flyway.  On 
the  basis  of  a  previous  estimate  of  waterfowl 
traffic  along  these  routes,  it  seems  that  the  greater 
number  of  migrants  reach  Louisiana  by  way  of  the 
Central  Flyway.  The  peak  frequencies  for  migra- 
tion into  Louisiana  were  from  mid-October 
through  mid-November. 

Maine.  Captive  eastern  coyote  pups  were 
studied  to  gain  information  on  some  aspects  of 
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Spatial  segregation  of  nesting  Sandwich  (smaller)  and  royal  terns  makes  aerial  estimates  somewhat  easier.  Each 
bird  of  both  species  is  incubating  a  single  egg.  Photo  by  John  W.  Portnoy. 


coyote  development  not  known  for  the  eastern 
variety.  Body  length,  body  weight,  height  at 
shoulder,  and  other  measures  of  physical  develop- 
ment were  taken  at  regular  intervals.  Dominance 
hierarchy  formation,  hierarchy  changes,  and  for- 
mation and  dissolution  of  tied  ranks  were  ob- 
served. For  the  entire  litter,  few  significant  corre- 
lations were  noted  between  hierarchy  rank  and 
aggression,  defensive  actions,  play,  self-play,  or 
ability  to  act  as  initiator.  However,  a  negative 
relationship  was  consistently  seen  between  rank 
and  defensive  behavior. 

Massachusetts.  Breeding  populations  of  27 
Atlantic  species  of  colonial  water  birds  from  Port- 
land, Maine,  to  North  Carolina  were  inventoried 
in  1976  and  1977.  Ground,  aerial,  and  boat  counts 
gave  an  estimate  of  241,119  pairs  of  breeding  birds 
in  512  colonies.  Location,  nesting  habitat,  and 
chronology  were  also  documented.  Herring  gulls 
(76,693  pairs),  laughing  gulls  (64,657),  and  com- 
mon terns  (26,904)  were  the  most  abundant  of  16 
seabird  species.  Least  abundant,  and  also  mar- 
ginal in  their  range,  were  the  southern  Sandwich 
and  Caspian  terns  and  the  Nearctic  black  guille- 
mot; each  was  found  at  only  one  location.  The 
most  common  of  the  1 1  wading  bird  species  were 
snowy  egrets  (10,303  pairs),  black-crowned  night 
herons  (9,082),  and  cattle  egrets  (6,515);  green 
herons  and  white  ibises  were  the  rarest.  One  pair 
of  white  ibises  found  in  Virginia  in  1977  represents 


a  northern  expansion  for  the  species.  Virginia, 
New  Jersey,  and  Massachusetts  had  the  highest 
concentrations  of  nesting  water  birds,  Connecticut 
and  New  Hampshire  the  lowest.  Abundance  of 
water  birds  is  generally  correlated  with  wetland 
area  and  most  nesting  colonies  are  on  barrier, 
marsh,  or  coastal  islands.  In  some  highly 
developed  coastal  areas  (New  Jersey,  Delaware, 
Long  Island),  a  number  of  beach-nesting  species 
have  been  forced  to  marsh  or  dredge  islands  in 
adjacent  embayments. 

Analysis  of  historical  breeding  data  (1900-77) 
for  the  27  species  inventoried  showed  large  gull 
populations  to  be  stabilizing  in  northern  New  Eng- 
land but  rapidly  increasing  from  New  Jersey  to 
Virginia.  The  common  tern  seems  to  be  stable 
everywhere  except  Rhode  Island,  and  cormorants 
continue  to  increase.  Herons  and  egrets  extended 
their  ranges  to  the  Northeast  in  the  last  10-20 
years,  but  the  only  large  coastal  colonies  of  great 
blue  herons  are  found  in  the  Chesapeake  Bay  area. 

Missouri.  The  mourning  dove  is  the  most 
important  migratory  game  bird  in  terms  of  num- 
ber harvested;  however,  important  questions 
remain  concerning  migratory  pathways,  survival 
rates,  and  the  impact  of  hunting  on  mortality 
rates.  Analysis  of  band-recovery  data  from  1968  to 
1976  indicated  that  doves  banded  in  eastern 
Missouri  generally  migrated  south-southeast  to 
Kentucky,     Tennessee,     Mississippi,     Alabama, 
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Georgia,  Florida,  and  South  Carolina.  Those 
banded  in  central  and  western  Missouri  moved 
south-southwest  through  Kansas  and  Oklahoma 
to  Louisiana,  Texas,  Mexico,  and  Central 
America.  Although  adults  were  shot  closer  to  the 
site  of  banding,  they  had  higher  survival  rates 
(42.4%)  than  did  immatures  (25. 1  %).  Hunting  did 
not  increase  annual  mortality  rates,  accounting 
for  only  19%  of  the  mortality  of  immature  birds 
and  18%  of  that  of  adults. 


Student  biologists  testing  a  collar  equipped  with  a  radio 
transmitter,  placed  on  a  white-tailed  deer  fawn.  This 
collar  is  designed  to  monitor  fawn  mortality,  an  impor- 
tant informational  need  in  deer  management.  Photo  by 
James  E.  Rathert. 


Moist  soil  plants  provide  important  food  for 
waterfowl  and  other  wildlife,  yet  their  manage- 
ment by  water  level  manipulation,  disking,  burn- 
ing, or  mowing  is  not  adequately  understood. 
Comparison  of  species  diversity  and  seed  yield  of 
moist  soil  plants  on  the  Mingo  National  Wildlife 
Refuge  indicated  that  timing  of  water  level 
manipulation  was  important.  An  early  water 
drawdown  decreased  species  diversity  and  stem 
density.  Species  diversity  also  decreased  after  disk- 
ing but  seed  production  increased  100%.  Burning 
increased  species  diversity  as  well  as  stem  densities 
of  important  species.  Because  costly  fertilizers  and 
herbicides  are  not  used,  moist  soil  management 
provides  an  economical  yet  effective  method  of 
producing  food  for  wildlife. 

A  knowledge  of  wood  duck  feeding  ecology  and 
nutrition  improves  our  understanding  of  their 
energy    requirements    for    reproduction    and    is 


helpful  in  the  management  of  their  dwindling 
habitat.  Females  consumed  more  aquatic  inverte- 
brates and  a  greater  diversity  of  animal  foods  than 
did  males  during  the  breeding  season;  in  fall  the 
proportions  of  animal  foods  were  similar.  Animal 
foods  are  important  sources  of  protein  during  egg 
production;  they  are  richer  in  protein  than  are 
plants  and  have  a  better  balance  of  essential  amino 
acids  for  egg  composition.  Females  prepared  for 
laying  eggs  by  storing  large  quantities  of  fat;  how- 
ever, fat  losses  during  incubation  were  small,  sug- 
gesting that  nearly  all  energy  needs  for  incubation 
were  met  by  foraging.  Thus  the  ability  to  ingest 
and  assimilate  protein  may  be  the  major  factor 
limiting  clutch  size  in  wood  ducks. 

A  description  of  habitat  used  by  ruffed  grouse  is 
crucial  in  determining  future  management  plans 
and  as  a  basis  for  evaluating  response  to  manage- 
ment operations.  Spring  populations  of  grouse  on 
the  Daniel  Boone  Memorial  Forest  ranged  from 
one  pair  per  23.6  ha  to  one  pair  per  28.8  ha. 
Grouse  consistently  used  the  middle  and  lower 
portions  of  north-  to  east-facing  slopes  and  adja- 
cent bottomlands.  Grouse  preferred  drumming 
log  sites  with  a  high  stem  count  and  a  low  canopy 
coverage;  unoccupied  habitat  was  the  most  succes- 
sionally  advanced.  Land  resource  units,  delineated 
by  soil  type  subdivided  by  aspect,  were  used  to 
measure  the  effect  of  management  practices  and 
would  be  applicable  to  similar  plant  communities 
elsewhere. 

The  planning  and  development  of  water 
resource  projects  require  a  full  knowledge  of 
aquatic  and  wildlife  resources  within  the  project 
basin.  Selected  references  included  in  a  literature 
survey  of  the  Meramec  River  basin,  Missouri, 
were  listed  under  the  following  comprehensive 
categories:  aquatics,  mollusks,  wildlife,  bats, 
general,  and  related  studies.  In  addition,  over  75 
persons  were  contacted  during  the  survey,  and 
their  addresses  and  respective  areas  of  expertise 
were  listed,  as  were  ongoing  projects  affecting  or 
related  to  the  basin.  A  computerized  file  of  cita- 
tions will  allow  rapid  future  revision  of  the 
bibliography. 

Swan  Lake  National  Wildlife  Refuge  hosts 
major  wintering  concentrations  of  bald  eagles,  an 
endangered  species.  Prey  availability  significantly 
influenced  daily  movement  and  distribution  of 
eagles;  the  availability  of  Canada  geese  crippled 
during  the  hunting  season  was  particularly  impor- 
tant. Eagles  consistently  used  four  night  roosts 
adjacent  to  open  areas  but  protected  from  north- 
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The  winter  food  habits  of  mountain  sheep  are  under  observation  in  Montana  and  Idaho.  Photo  by  Dean  E.  Biggins. 


ern  and  westerly  winds.  Daily  movements  of 
color-marked  or  radio-equipped  eagles  were 
limited  to  the  Refuge  and  the  nearby  Fountain 
Grove  Wildlife  Area  and  Grand  River  bottom- 
lands. Management  recommendations  for  the 
wintering  bald  eagles  include  maintaining  a  steady 
food  source,  preserving  existing  roost  sites,  delay- 
ing public  fishing  until  March,  and  alerting 
hunters  to  the  presence  of  bald  eagles. 

Montana.  Sightings  of  known  doe  pronghorns 
on  the  National  Bison  Range,  Moiese,  Montana, 
during  the  summers  of  1975  and  1976  disclosed 
that  doe  home  ranges  covered  an  average  of  four 
buck  territories.  In  one  area,  the  territorial  buck 
with  which  the  does  had  the  longest  association 
did  most  of  the  breeding.  In  another  area,  one 
buck  did  most  of  the  breeding  although  the  does 
had  used  all  buck  territories  equally  during  sum- 
mer. This  study  indicated  convergent  evolution  in 
social  systems  of  North  American  pronghorns  and 
similar  African  bovids. 

During  three  winters,  from  January  1975 
through  March   1977,  coyote  predation  was  the 


major  cause  of  white-tailed  deer  mortality  in  the 
Miller  Creek  Drainage  of  western  Montana. 
Coyotes  generally  attacked  in  pairs,  chased  deer 
downhill,  and  caught  hold  in  the  rump  or  throat 
regions.  Predation  seemed  concentrated  on  deer  3 
to  7  years  old  in  excellent  nutritional  condition, 
and  the  coyotes  did  not  require  deep,  crusted  snow 
to  gain  advantage  over  deer.  Coyotes  killed  most 
deer  when  snow  cover  was  greater  than  80%  and 
temperatures  were  less  than  -8°  C.  Coyotes 
apparently  expended  more  effort  hunting  deer 
when  snow  and  low  temperatures  reduced  the 
availability  of  meadow  voles — meadow  vole  ac- 
tivity was  directly  related  to  temperature  and  snow 
cover. 

A  study  of  white-tailed  deer  in  the  Salmon  Lake 
area  of  western  Montana  (October  1975-March 
1976)  indicated  54  to  75  deer  per  square  mile  of 
winter  range.  Steep  slopes  that  were  quick  to  de- 
velop snow-free  areas  were  used  extensively 
whether  or  not  the  shrub  species  were  heavily 
browsed.  Overstory  density  did  not  influence  deer 
use  on  the  slopes.  A  study  of  the  feasibility  of 
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A  recent  Montana  study  showed  high  levels  of  golden 
eagle  predation  on  domestic  lambs.  Trapping  and  trans- 
locating the  eagles  may  have  been  helpful  but  did  not 
solve  the  problem.  Photo  by  Bart  O'Gara. 

using  broadcast  burns  to  stimulate  shrub  growth 
on  the  slopes  was  recommended. 

A  study  of  radio-collared  and  unmarked  moun- 
tain sheep  in  the  Bitterroot  Mountains,  Montana 
and  Idaho,  provided  data  on  seasonal  home 
ranges,  migration  route,  population  size  and 
health,  winter  food  habits,  and  winter  and  spring 
habitat  selection.  These  data  led  to  recommenda- 
tions for  (1)  reduced  disturbance  of  sheep  and 
their  habitat,  (2)  prescribed  and  natural  fire  man- 
agement, and  (3)  establishment  of  a  systematic 
annual  ground  count  of  sheep. 

The  reactions  of  birds  and  microtine  rodents 
near  Franklin  Bluff,  Alaska,  during  the  summer 
of  1976,  indicated  that  these  species  can  adapt  be- 
haviorally  to  the  auditory  and  visual  stimuli  con- 
nected with  postconstruction  pipeline  activities. 
Predation  by  arctic  foxes,  attracted  to  handouts 
and  by  improper  garbage  disposal,  was  the  pri- 
mary cause  of  nesting  failures.  The  loss  and  modi- 
fication of  habitat  also  adversely  affected  bird  and 
microtine  populations  along  the  pipeline.  In  sub- 
jective order  of  importance,  disruptive  factors 
were  (1)  graveled  areas,  (2)  structural  barriers  to 
drainage  patterns,  (3)  human  disturbance,  (4)  low- 


Survival  of  color-banded  great  black-backed  gull  chicks 
is  being  monitored  by  researchers  of  the  New  York  Unit 
to  determine  the  effects  of  oil  contamination  on  sea- 
birds.  Photo  by  Steve  Lewis. 


flying  aircraft,  (5)  dust  from  the  haul  road,  (6)  ter- 
rain disturbance  by  off-road  vehicles,  and  (7)  con- 
tamination of  vegetation  by  oil. 

New  York.  Oil  pollution  of  aquatic  environ- 
ments continues  to  be  a  serious  problem.  Death  of 
avian  species  from  exposure  and  sublethal 
pathologies  from  ingesting  oil  are  well  docu- 
mented. Although  the  direct  effects  of  oil  con- 
tamination are  most  obvious,  even  trace  amounts 
of  oil  applied  to  the  eggshell  drastically  reduce  egg 
hatchability.  Embryonic  mortality  is  most  severe 
when  oiling  occurs  in  early  developmental  stages; 
embryos  become  more  resistant  as  they  near 
hatching.  In  a  recently  completed  research  study, 
60  nests  of  the  great  black-backed  gull  were 
studied  on  Appledore  Island,  Isles  of  Shoals, 
Maine.  In  30  randomly  selected  nests  all  eggs  were 
treated  with  20  /d  of  No.  2  fuel  oil  (API  Reference 
oil  III).  Four  5-/d  droplets  were  applied  to  the  top 
of  each  egg  as  it  lay  in  the  nest.  Eggs  in  the  remain- 
ing 30  nests  served  as  controls.  Because  embryos 
are  most  sensitive  to  oiling  before  day  10  of  incu- 
bation, efforts  were  made  to  conduct  this  study 
when  most  eggs  in  the  colony  were  between  1  and 
10  days  old.  Hatchability  of  the  eggs  treated  with 
No.  2  fuel  oil  was  significantly  reduced;  78%  of 
the  83  control  eggs  hatched,  but  only  24%  of  the 
86  treated  eggs  hatched.   Two  chicks  or  more 
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hatched  per  control  clutch  but  only  0.7  chick 
hatched  per  treated  clutch.  The  critical  minimum 
age  at  which  black-backed  gull  embryos  can  sur- 
vive oiling  is  about  9  days,  although  oil  treatment 
apparently  causes  some  mortality  even  after  that 
age.  Among  eggs  treated  after  9  days,  8%  fewer 
treated  eggs  than  control  eggs  hatched.  For  great 
black-backed  gulls,  the  indirect  effects  of  oil  con- 
tamination are  a  more  serious  threat  to  population 
stability  than  are  the  direct  effects  that  lead  to 
adult  mortality.  The  dramatic  results  of  this  study 
clearly  indicate  the  need  for  an  expanded  research 
effort  aimed  at  the  critical  area  of  environmental 
contamination  and  inadvertent  oiling  of  avian 
marine  species. 

Ohio.  Ringed  turtle  doves  were  fed  pigeon  chow 
containing  25  ppm  PCB  (Aroclor  1254)  to  learn 
whether  sublethal  doses  altered  estrogen-influ- 
enced behaviors  and  thus  delayed  egg  laying.  Ex- 
perimental and  control  birds  were  observed  during 
a  2-week  pretreatment  period,  after  15  weeks  of 
treatment,  and  after  2  weeks  on  a  10%  food 
reduction.  Neither  courtship  behavior  nor  the 
number  of  courtship  performances  by  either  sex 
was  affected  by  treatment.  Adipose  PCB  levels 
greater  than  470  ppm  in  females  at  pairing  delayed 
egg  laying.  The  increased  time  between  nest  solici- 
tation by  males  and  egg  laying  was  attributed  to 
estrogen  degradation  by  PCB-induced  hepatic 
enzymes.  Food  reduction  and  PCB  treatment 
delayed  egg  laying  and,  in  combination,  decreased 
male  nest  cooing  and  nest  size  and  quality. 

The  hunter  harvest  of  cottontail  rabbits  on  a 
central  Ohio  wildlife  area  increased  dramatically 
in  1974  on  management  units  having  a  newly 
initiated,  shorter  crop  rotation  system  (3  years  vs. 
5  years).  It  was  hypothesized  that  the  summer  diet 
produced  on  these  units  had  a  higher  protein  con- 
tent and  thus  increased  juvenile  survival.  Young 
rabbits  were  collected  by  shooting  during  May- 
August,  and  stomach  contents  were  identified  by 
histologic  examination  and  analyzed  for  crude 
protein.  Results  indicated  that  juveniles  from 
short  rotation  sites  obtained  a  nutritionally  supe- 
rior diet  in  1975  but  not  in  1976.  Whether  nutritive 
quality  of  food  affected  juvenile  survival  was  not 
determined. 

Oklahoma.  Cow  elk  and  their  offspring  were 
monitored  by  radiotelemetry  to  determine  their 
use  of  available  habitat  on  an  area  of  the  Wichita 
Mountains  National  Wildlife  Refuge  near 
Lawton,  Oklahoma.  Home  range  of  the  elk  was 
25%  dense  forest,  66%  open  forest,  and  9%  grass- 


Ohio  Unit  student  removing  a  cottontail  rabbit  from  a 
trap  during  a  food  nutrition  study.  Photo  by  Gerald  A. 
Grau. 


A  tranquilized  coyote  equipped  with  a  radio  transmitter 
and  ear  tags  lies  quietly  until  the  drug  begins  to  wear 
off.  The  animal  was  marked  during  a  study  of 
coyote-deer-elk  interactions  on  the  Wichita  Mountains 
National  Wildlife  Refuge  and  adjoining  Fort  Sill  Military 
Reservation  by  the  Oklahoma  Unit.  Photo  by  John  Lit- 
vaitis. 
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Western  Canada  geese  readily  use  nest  structures 
placed  on  islands  in  the  Columbia  River  on  the  Umatilla 
National  Wildlife  Refuge.  These  nest  structures  are  ad- 
versely affected  by  accelerated  erosion  to  the  islands 
from  "power  peaking"  at  dams  on  the  Columbia  River. 
Management  designed  to  control  this  erosion  must  be 
undertaken.  Photo  by  T.  McCabe. 


land.  Dense  forest  was  heavily  used  by  cows  dur- 
ing the  daylight  hours.  Young  calves  spent  the  first 
5  weeks  in  hiding,  and  cows  apparently  located 
hidden  calves  by  scent  and  hearing.  Calves 
selected  locations  for  daytime  beds  that  were 
cooler  than  ambient  air.  Deer  appeared  to  avoid 
elk  and  were  seldom  observed  in  areas  containing 
large  numbers  of  elk. 

White-tailed  deer  fawns  and  coyotes  were  cap- 
tured and  radio-collared  in  the  Wichita  Mountains 
area  of  Oklahoma  to  learn  why  such  a  large  per- 
centage of  fawns  inhabiting  prairie  and  woodland 
edges  were  lost  to  coyotes.  Deer  fawns  primarily 
inhabited  grasslands,  made  intermediate  use  of 
savannah,  and  used  forested  areas  least.  Coyotes 
ranged  over  wide  areas  but  preferred  savannah 
and  avoided  prairie  areas  in  general;  however, 
coyotes  were  successful   in  locating  and   killing 


fawns  in  the  prairie  areas.  The  mean  age  at  death 
due  to  coyote  predation  for  36  fawns  was  20  days 
(range,  3-76;  SD  =  12.8).  The  coyotes  consumed 
rodents,  birds,  and  plant  foods  in  relation  to 
abundance. 

Channelization  and  land-use  changes  along  two 
prairie  streams  in  south-central  Oklahoma 
resulted  in  loss  of  wetland  habitat,  loss  of  86%  of 
bottomland  forests,  and  reduction  of  richness, 
diversity,  and  relative  abundance  of  plant  and  ani- 
mal species.  Of  the  original  bottomland  forest, 
81%  (26,600  acres)  was  lost  before  1940.  Species 
diversity  and  richness  and  density  of  woodland 
canopy  were  greatest  for  bottomland  forests  along 
unchannelized  streams. 

Weather  Bureau  and  Federal  Aviation  Adminis- 
tration radars  were  used  to  estimate  the  numbers 
of  sandhill  cranes  along  the  Platte  River  in 
Nebraska  in  March:  25%  of  the  cranes  left  the 
roosts  by  sunrise,  72%  had  left  by  30  minutes  after 
sunrise,  and  90%  had  departed  by  60  minutes 
after  sunrise.  The  aerial  census  failed  to  count  the 
birds  that  left  the  roost  before  the  passage  of  the 
plane.  Presently  available  radar  facilities  and  tech- 
nology offer  no  practical  means  of  eliminating  the 
need  for  the  coordinated  survey. 

A  flock  of  parasite-free  mallards  was  exposed  to 
wild  waterfowl  during  migration  and  wintering; 
wild  waterfowl  were  later  collected  and  examined 
for  presence  of  hematozoan  infections  and  num- 
bers of  parasites.  Hematozoa  were  not  transmitted 
from  wild  birds  to  parasite-free  mallards,  but  the 
flock  acquired  seven  species  of  helminth  parasites. 
Blood  films  from  18%  of  563  wild  waterfowl  were 
positive  for  at  least  one  parasite — Leucocytozoan, 
Haemoproteus,  or  microfilariae. 

An  interdisciplinary  team  was  formed  to  investi- 
gate losses  of  pecans  in  Oklahoma  pecan  orchards 
to  crows  and  blue  jays.  The  ripening  of  the  nuts  in 
October  and  November  coincides  with  migratory 
and  wintering  activities  of  the  birds.  The  usual 
methods  of  frightening  birds  from  orchards  are 
not  effective  against  blue  jays.  Horticulturists  and 
wildlife  specialists  are  attempting  to  identify  prac- 
tices that  might  reduce  depredations. 

Oregon.  The  use  of  standing  dead  trees  (snags) 
by  birds  was  investigated  in  Douglas-fir  forests  of 
different  ages  on  the  Coast  Range  in  Oregon.  In 
general,  hole-nesting  birds  of  10  species  foraged 
on  and  nested  in  Douglas-fir  snags  averaging  more 
than  60  cm  wide  and  more  than  15  m  tall.  These 
snags  usually  had  broken  tops,  few  or  no  bran- 
ches, decayed  sapwood  and  heartwood,  and  peel- 
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Preparing  to  measure,  examine,  and  tag  a  bear  trapped 
in  a  culvert.  Pike  County,  Pennsylvania.  Photo  by  J.  S. 
Lindzey. 


ing  bark.  Snags  this  large  and  old  were  found  pri- 
marily in  older  forests;  consequently,  use  of  snags 
by  hole-nesting  birds  was  concentrated  in  the 
oldest  forests  examined — stands  100  and  200  + 
years  old.  A  census  of  birds  indicated  that  the  den- 
sity and  species  diversity  of  hole-nesting  birds 
increased  significantly  as  forests  matured.  Density 
of  hole-nesting  birds  during  the  breeding  season 
was  closely  correlated  with  snag  diameter  and  snag 
volume  per  unit  area.  Because  management  of 
Douglas-fir  forests  for  maximum  timber  produc- 
tion does  not  provide  for  production  or  retention 
of  large  snags,  populations  of  many  species  of 
hole-nesting  birds  can  be  affected. 

Pennsylvania.  For  management  purposes, 
movement  patterns  of  radio-instrumented  black 
bears  were  monitored  to  collect  needed  additional 
information  on  use  of  time  and  space  by  bears  in 
Pennsylvania. 

Home  range  and  activity  patterns  were  deter- 
mined for  15  black  bears,  based  on  1,662  radio- 
locations and  direct  observations  made  from 
August  1974  through  December  1975.  The  average 
home  range  for  five  males  (196  km2)  was  signifi- 
cantly larger  (P  <  0.05)  than  that  of  eight  females 
(37  km2).  Seven  female  bears  traveling  with  off- 
spring maintained  significantly  larger  (P  <  0.05) 
home  ranges  than  seven  solitary  females. 

Adult  solitary  females  denned  between  October 
27  and  December  7,  which  was  generally 
earlier  than  the  dates  for  males  and  most  females 
with  cubs;  many  denned  before  the  late  November 
hunting  season.  Females  with  cubs  tended  to  move 
long  distances  during  September  and  October  and 


Large  male  bear  in  foot  snare  before  being  examined 
and  tagged  for  a  movement  and  population  study. 
Healed  wound  on  nose  gives  evidence  of  past  injury. 
Photo  by  G.  L.Alt. 
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A  wild  bear  that  had  become  so  accustomed  to  being 
fed  by  humans  that  she  freely  approached  them  for 
handouts.  This  animal  and  her  cubs  provided  many  use- 
ful data  because,  although  unusually  tame,  she  was  free 
ranging  and  could  be  obseived  readily.  Photo  by  G.  L. 
Alt. 


remain  more  active  during  the  winter  than  any 
other  group. 

Data  were  collected  on  25  translocations  of  21 
nuisance  bears  from  July  1974  through  June  1976. 
Recovery  data  for  21  of  the  25  translocations 
showed  that  17  homed,  3  did  not  home,  and  1 
yearling  male  that  had  been  translocated  to  his 
natal  home  range  returned  to  a  point  near  the 
nuisance  area.  Four  radio-collared  adults  were 
translocated,  on  five  occasions,  an  average  of 
26.8  km.  The  average  time  it  took  them  to  return 
home  was  6  days.  Two  adult  females  separated 
from  their  cubs  began  the  homeward  journey  on 
the  first  night  after  release  and  soon  rejoined  their 
progeny  on  their  home  ranges.  Translocation  of 
adults  farther  than  64  km  appeared  to  reduce  sub- 
stantially the  chance  of  their  return  to  the  nuisance 
area. 
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South  Dakota.  Crude  density  of  ferruginous 
hawks  in  a  7,000-km2  study  area  in  northwestern 
South  Dakota  was  292  km2  per  pair  in  1978  and 
412  km2  per  pair  in  1977.  Thirteen  of  18  nesting 
attempts  were  successful  in  1976;  14  of  17  at- 
tempts were  successful  in  1977.  Mean  clutch  size 
for  the  2  years  was  3.3  eggs  per  nest.  Fifty-nine 
eggs  were  laid  in  1976;  52  hatched  and  34  young 
were  fledged.  Fifty-six  eggs  were  laid  in  1977;  52 
hatched  and  39  young  were  fledged.  Successful 
nests  were  in  unbroken,  ungrazed,  or  lightly 
grazed  prairie.  All  nest  sites  were  on  the  ground  on 
riverbed  mounds,  river  cutbanks,  hills,  or  mud 
buttes.  Disturbance  during  incubation  causes 
adult  hawks  to  abandon  their  nests.  Prey  consisted 
primarily  of  thirteen-lined  ground  squirrels,  west- 
ern meadowlarks,  and  white-tailed  jack  rabbits. 
For  2  weeks  after  fledging,  young  birds  returned 
to  the  nests  to  roost  and  to  obtain  food  from  the 
parents;  they  left  the  study  area  during  the  5th 
week  after  fledging.  Increased  farming  activity  in 
the  study  area  may  cause  hawk  populations  to 
decline  as  a  result  of  nest  disturbance  and  a  limited 
food  supply. 

Utah.  The  U.S.  Air  Force  is  required  by  the 
Sikes  Act  to  operate  its  large  land  holdings  under  a 
Land  and  Wildlife  Management  Plan  consistent 
with  military  objectives.  Personnel  of  the  Utah 
Unit  conducted  a  biological  inventory  to  provide 
basic  information  necessary  for  preparation  of  an 
appropriate  management  plan  for  the  Hill  and 
Wendover  Bombing  and  Gunnery  ranges.  A 
species  list  of  plants  and  vertebrate  animals  was 
made  as  well  as  cover-type  maps  of  the  area. 
Specific  recommendations  made  included  the  con- 
struction of  nesting  platforms  for  raptors,  the 
transfer  of  marshland  to  the  Utah  Division  of 
Wildlife  Resources,  the  construction  of  check 
dams  and  gallinaceous  guzzlers  to  increase  the 
supply  of  water,  and  the  improvement  of  range 
through  replanting  and  sheep  management. 

Virginia.  Twelve  study  areas  on  abandoned 
mines  in  southwest  Virginia  were  surveyed  for 
relationships  between  characteristics  of  breeding 
bird  populations  and  structure  of  the  vegetation. 
Territorial  mapping  was  used  to  census  the  birds. 
Species  diversity  and  the  number  of  breeding 
species,  breeding  pairs,  and  observed  species  were 
determined  for  each  disturbed  area.  Vegetation 
was  sampled  within  units  of  similar  vegetation  on 
each  mine  site;  17  variables  recorded  for  each  unit 
were  weighted  by  the  size  of  each  vegetational  unit 
and  averaged  for  each  disturbed  area.  Linear  and 


multiple  regressions  of  each  population  variable 
were  performed  on  51  vegetation  and  site-factor 
variables. 

Bird  population  variables  of  the  disturbed  areas 
and  the  total  study  areas  showed  positive  relation- 
ships with  several  aspects  of  revegetation  on  dis- 
turbed sites.  Decreases  in  bird  populations  were 
observed  on  forested  orphan  mines  when  canopy 
closure  apparently  suppressed  understory  vegeta- 
tion. Bird  populations  on  forested  orphan  mines 
decreased  when  those  in  marginal  areas  declined 
with  reforestation  of  the  disturbed  areas,  ap- 
parently reflecting  a  decrease  in  edge  effect. 

The  relationships  indicated  by  this  study  suggest 
that  reclamation  of  the  disturbed  areas  and  total 
study  areas  should  strive  to  establish  dense  vegeta- 
tive cover,  increase  the  amount  of  ground  layer 
vegetation,  and  provide  for  development  of  higher 
vegetational  strata. 

Because  of  declines  in  eastern  cottontail  popula- 
tions over  much  of  Virginia,  studies  were  con- 
ducted to  determine  whether  tularemia  and  Bayli- 
sascaris  procyonis,  a  nematode  parasite,  were 
affecting  the  cottontails. 

The  cottontail  harvest  at  Fort  Pickett  has 
declined,  and  a  serological  survey  for  antibodies 
against  tularemia  in  mammals  and  quail  was  con- 
ducted from  blood  samples.  Antibodies  were 
detected  in  13  of  90  animals  tested.  Evidence  of 
tularemia  was  found  in  a  raccoon,  opossum, 
striped  skunk,  Norway  rat,  white-tailed  deer, 
chipmunk,  and  bobwhite  quail.  This  widespread 
infestation  indicated  that  the  disease  is  prevalent 
at  Fort  Pickett.  The  fact  that  tularemia  can  be 
transmitted  to  rabbits  by  many  species  of  ecto- 
parasites common  to  animals  found  infected  may 
explain  the  continued  decline  in  cottontail 
numbers. 

The  larval  stage  of  B.  procyonis  has  caused 
mortality  in  cottontails  in  Virginia.  A  survey  for 
the  adult  stage  of  this  ascarid,  which  lives  in  the 
small  intestine  of  raccoons,  was  conducted  to 
determine  where  this  parasite  might  be  affecting 
cottontail  populations.  The  small  intestines  of  72 
raccoons  from  1 1  counties  were  examined.  The 
ascarid  was  found  only  in  counties  west  of  the 
Blue  Ridge  Mountains.  This  finding  indicates  that 
the  parasite  may  be  an  important  factor  in  cotton- 
tail mortality  in  the  mountainous  portion  of 
Virginia. 

Wisconsin.  At  least  nine  States  reimburse  agri- 
culturists for  crop  depredation  by  deer.  In  Wis- 
consin, browsing  by  deer  in  apple  orchards  is  an 
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important  aspect  of  wildlife  damage.  Claims  for 
deer  damage  in  mature  orchards  are  often  contro- 
versial because  the  actual  impact  on  apple  produc- 
tion is  poorly  understood  and  standard  methods 
of  appraisal  are  lacking.  One  objective  of  this 
study  was  to  develop  methods  for  evaluating  the 
damage  caused  by  browsing  of  deer  in  mature 
apple  orchards  in  winter.  In  an  experiment  where 
browsing  on  branches  of  apple  trees  was  simulated 
and  subsequent  production  was  monitored,  the 
simulated  browsing  had  a  significant  negative 
effect  on  apple  production. 

The  impact  of  natural  browsing  by  deer  was 
studied  in  three  commercial  orchards  in  south- 
western Wisconsin.  Estimates  of  the  proportion  of 
apple  buds  available  to  deer,  the  percentage  of 
available  buds  browsed,   and  apple  production 


were  obtained  for  more  than  500  sample  trees  in 
1975  and  1976.  Accuracy  and  precision  of  estima- 
tion procedures  were  evaluated  and  the  relation- 
ship between  browsing  and  apple  production  was 
analyzed.  Intensity  of  browsing  was  related  to 
variety,  size,  and  location  of  apple  trees.  In  the 
orchards  studied,  34  and  10%  of  the  growing 
points  were  removed  by  deer  in  1975  and  1976,  re- 
spectively. Analyses  indicated  that  browsing  by 
deer  lowered  production  on  dwarf  and  semi-dwarf 
apple  trees  but  not  on  standard-sized  trees. 

Two  methods  for  evaluating  deer  damage  in 
mature  orchards  were  proposed.  The  first  method 
uses  estimates  of  production  and  browsing;  the 
second  method  requires  only  an  estimate  of  the 
number  of  buds  browsed. 
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DIRECTORY  OF  RESEARCH  FACILITIES 
AND  PERSONNEL 

(As  of  September  30,  1978) 

CENTRAL  OFFICES 

(Mailing  Address:   U.S.   Department  of  the  Interior, 
Fish  and  Wildlife  Service,  Washington,  D.C.  20240) 

Deputy  Associate  Director — Research 

Richard  N.  Smith  (Acting) 
Division  of  Wildlife  Research 
Duncan  MacDonald,  Acting  Chief 
Division  of  Fishery  Research 
Dr.  Robert  E.  Stevens,  Chief 
Division  of  Habitat  Preservation 
Nelson  B.  Kverno,  Chief 


MAJOR  RESEARCH  FACILITIES 

Columbia  National  Fisheries  Research  Laboratory 

Dr.  Richard  A.  Schoettger,  Director 

Route  1 

Columbia,  MO  65201 

Denver  Wildlife  Research  Center 

Dr.  Richard  D.  Curnow,  Acting  Director 

Denver  Federal  Center,  Building  16 

Denver,  CO  80225 

Editorial  Office 

William  R.  Dryer,  Technical  Editor 

Aylesworth  Hall,  Colorado  State  University 

Fort  Collins,  CO  80523 

Gainesville  National  Fishery  Research  Laboratory 

Dr.  James  A.  McCann,  Director 

Building  737,  IFAS 

University  of  Florida 

Gainesville,  FL  32611 

Great  Lakes  Fishery  Laboratory 

Dr.  Joseph  H.  Kutkuhn,  Director 

1451  Green  Road 

Ann  Arbor,  MI  48105 

La  Crosse  National  Fishery  Research  Laboratory 

Dr.  Fred  P.  Meyer,  Director 

P.  O.  Box  818 

La  Crosse,  WI  54601 

Leetown  National  Fisheries  Center 

Dr.  Robert  E.  Putz,  Director 

Route  3,  Box  41 

Kearneysville,  WV  25430 

Experimental  Fish  Hatchery 

Arnold  Golding,  Director 

Route  3,  Box  40 

Kearneysville,  WV  25430 


Fish  Farming  Experimental  Station 

Dr.  Harry  K.  Dupree,  Director 

P.  O.  Box  860 

Stuttgart,  AR  72160 

Fish  Genetics  Laboratory 

W.  Robert  Bridges,  Director 

Beulah,  WY  82712 

Fisheries  Academy 

Wendell  S.  Ogden,  Superintendent 

Route  3,  Box  49 

Kearneysville,  WV  25430 

National  Fish  Health  Research  Laboratory 

Route  3,  Box  50 

Kearneysville,  WV  25430 

National  Fishery  Research  and  Development  Center 

Dr.  Roger  Lee  Herman,  Director 

R.D.  No.  4,  Box  47 

Wellsboro,  PA  16901 

Southeastern  Fish  Cultural  Laboratory 

Dr.  Blake  F.  Grant,  Director 

Marion,  AL  36756 

Tunison  Laboratory  of  Fish  Nutrition 

Dr.  Gary  L.  Rumsey,  Director 

28  Gracie  Road 

Cortland,  NY  13045 
Migratory  Bird  and  Habitat  Research  Laboratory 
Dr.  Fant  W.  Martin,  Director 
Laurel,  MD  20811 

National  Fish  and  Wildlife  Laboratory 
Dr.  Clyde  J.  Jones,  Director 
U.S.  Museum  of  Natural  History 
10th  and  Constitution  Avenue,  NW 
Washington,  DC  20560 
National  Reservoir  Research  Program 
Robert  M.  Jenkins,  Director 
100  W.  Rock  Street 
Fayetteville,  AR  72701 

North  Central  Reservoir  Investigations 

Charles  Walburg,  Chief 

Federal  Building 

Bowling  Green,  KY  42101 

South  Central  Reservoir  Investigations 

Al  Houser,  Chief 

100  W.  Rock  Street 

Fayetteville,  AR  72701 

Southeast  Reservoir  Investigations 

Dr.  James  P.  Clugston,  Chief 

Highway  123 

Clemson,  SC  29631 
National  Wildlife  Health  Laboratory 
Dr.  Milton  Friend,  Director 
1655  Linden  Drive 
University  of  Wisconsin 
Madison,  Wl  53706 
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Northern  Prairie  Wildlife  Research  Center 

Dr.  W.  Reid  Goforth,  Director 

P.  O.  Box  1747 
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Patuxent  Wildlife  Research  Center 

Dr.  Lucille  F.  Stickel,  Director 
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Seattle  National  Fisheries  Research  Center 

Dr.  Alfred  C.  Fox,  Director 
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Seattle,  WA  98115 
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Dr.  Jerry  C.  Tash,  Leader 
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Dr.  Roger  A.  Barnhart,  Leader 

Colorado  State  Univ.,  Fort  Collins,  CO  80523 

Dr.  William  J.  McConnell,  Leader 

Univ.  of  Georgia,  Athens,  GA  30601 

Dr.  Robert  E.  Reinert,  Leader 

Univ.  of  Hawaii,  Honolulu,  HI  96822 

Dr.  James  D.  Parish,  Leader 

Univ.  of  Idaho,  Moscow,  ID  83843 

Dr.  Theodore  C.  Bjornn,  Leader 

Iowa  State  Univ.,  Ames,  IA  50010 

Dr.  Robert  J.  Muncy,  Leader 

Louisiana  State  Univ.,  Baton  Rouge,  LA  70803 

Dr.  Charles  F.  Bryan,  Leader 

Univ.  of  Maine  at  Orono,  Orono,  ME  04473 

Dr.  Jon  G.  Stanley,  Leader 

Univ.  of  Massachusetts,  Amherst,  MA  01002 

Dr.  Roger  J.  Reed,  Leader 

Univ.  of  Missouri,  Columbia,  MO  65201 
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Montana  State  Univ.,  Bozeman,  MT  59715 

Dr.  Richard  W.  Gregory,  Leader 

Cornell  Univ.,  Ithaca,  NY  14853 

Dr.  John  G.  Nickum,  Leader 

North  Carolina  State  Univ.,  Raleigh,  NC  27607 

Dr.  Melvin  T.  Huish,  Leader 

Ohio  State  Univ.,  Columbus,  OH  43210 

Dr.  Bernard  L.  Griswold,  Leader 

Oklahoma  State  Univ.,  Stillwater,  OK  74074 

Dr.  O.  Eugene  Maughan,  Leader 

Oregon  State  Univ.,  Corvallis,  OR  97331 

Dr.  Carl  B.  Schreck,  Leader 

Pennsylvania  State  Univ.,  University  Park,  PA  16802 

Dr.  Robert  L.  Butler,  Leader 

South  Dakota  State  Univ.,  Brookings,  SD  57006 

Dr.  Richard  L.  Applegate,  Leader 


Tennessee  Technological  Univ.,  Cookeville,  TN  38501 

Dr.  R.  Don  Estes,  Leader 

Utah  State  Univ.,  Logan,  UT  84322 

Dr.  Charles  R.  Berry,  Jr.,  Leader 

Virginia  Polytechnic  Institute  and  State  Univ., 

Blacksburg,  VA  24061 

Dr.  Garland  B.  Pardue,  Leader 

Univ.  of  Washington,  Seattle,  WA  98105 

Dr.  Richard  R.  Whitney,  Leader 

Univ.  of  Wisconsin,  Stevens  Point,  WI  54481 

Dr.  Daniel  W.  Coble,  Leader 

COOPERATIVE  WILDLIFE  RESEARCH  UNITS 

Auburn  Univ.,  Auburn,  AL  36830 

Dr.  Daniel  W.  Speake,  Leader 

Univ.  of  Alaska,  Fairbanks,  AK  99701 

Dr.  David  R.  Klein,  Leader 

Univ.  of  Arizona,  Tucson,  AZ  85721 

Dr.  Lyle  K.  Sowls,  Leader 

Colorado  State  Univ.,  Fort  Collins,  CO  80523 

Dr.  Kenneth  R.  Russell,  Leader 

Univ.  of  Idaho,  Moscow,  ID  83843 

Dr.  Maurice  G.  Hornocker,  Leader 

Iowa  State  Univ.,  Ames,  IA  50010 

Dr.  Robert  B.  Dahlgren,  Leader 

Louisiana  State  Univ.,  Baton  Rouge,  LA  70803 

John  D.  Newsom,  Leader 

Univ.  of  Maine  at  Orono,  Orono,  ME  04473 

Dr.  Voit  B.  Richens,  Acting  Leader 

Univ.  of  Massachusetts,  Amherst,  MA  01002 

Dr.  Wendell  E.  Dodge,  Leader 

Univ.  of  Missouri,  Columbia,  MO  65201 

Dr.  Thomas  S.  Baskett,  Leader 

Univ.  of  Montana,  Missoula,  MT  59801 

Dr.  Bart  W.  O'Gara,  Leader 

Cornell  Univ.,  Ithaca,  NY  14853 

Dr.  Milo  E.  Richmond,  Leader 

Ohio  State  Univ.,  Columbus,  OH  43210 

Dr.  Theodore  A.  Bookhout,  Leader 

Oklahoma  State  Univ.,  Stillwater,  OK  74074 

Dr.  Paul  A.  Vohs,  Jr.,  Leader 

Oregon  State  Univ.,  Corvallis,  OR  97331 

Dr.  E.  Charles  Meslow,  Leader 
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Dr.  James  S.  Lindzey,  Leader 

South  Dakota  State  Univ.,  Brookings,  SD  57006 

Dr.  Raymond  L.  Linder,  Leader 

Utah  State  Univ.,  Logan,  UT  84322 

Dr.  David  R.  Anderson,  Leader 

Virginia  Polytechnic  Institute  and  State  Univ., 

Blacksburg,  VA  24061 

Dr.  Burd  S.  McGinnes,  Leader 

Univ.  of  Wisconsin,  Madison,  WI  53706 

Dr.  Donald  H.  Rusch,  Leader 


Radio  transmitters  (above)  were  placed  on  Richardson's  ground  squirrels  to  determine  their  movements  and  mor- 
tality rates.  Juvenile  Richardson's  ground  squirrels  (below)  first  appear  above  ground  in  late  May  in  Colorado.  At  this 
time,  they  are  not  yet  weaned.  Photo  by  Kathleen  A.  Fagerstone. 
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A  study  of  mountain  goats  in  the  Cabinet  Mountains.  Montana,  showed  that  three  of  six  wintering  herds  had  been 
extirpated,  apparently  because  roads  and  trails  gave  easy  access  to  their  wintering  cliffs  Recommendations  were 
made  to  control  the  goat  harvest  on  a  drainage-to-drainage  basis,  close  logging  roads  leading  to  wintering  cliffs. 
and  reintroduce  goats  to  certain  drainages.  Goat  permits  in  the  area  have  already  been  significantly  reduced  as  a 
result  of  the  study.  Photo  by  Bruce  Smith 

Data  gathered  by  a  University  of  Montana  student  led  to  recommendations  for  prescribed  and  natural  fire  manage- 
ment to  keep  winter  ranges  of  mountain  sheep  in  the  Bitterroot  Mountains.  Montana  and  Idaho,  in  early  serai 
stages.  Photo  by  Bart  O'Gara 


